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CHAPTER 1. 

INTRODUCTION 

Non-invasive diagnosis and assessment of coronary artery disease represent a 
major challenge for cardiologists. Currently, provocative testing coupled with 
techniques which reveal myocardial ischaemia are increasingly employed. 
The ideal test should be safe, practical, cheap, with a very high accuracy. 
Electrocardiography and nuclear imaging have been extensively used in 
conjunction with stress testing, and their advantages and limitations are now 
well documented (1-7). 

Stress echocardiography is a relatively new technique, based on the 
detection of new wall motion abnormalities as a marker of myocardial 
ischaemia by ultrasonographic techniques. There is a growing interest in 
stress echocardiography, which offers advantages over the established 
methods and represents an alternative to more sophisticated techniques. 

RATIONALE OF STRESS ECHOCARDIOGRAPHY 

The basis of stress echocardiography relies on the metabolic pathways of the 
myocardial cell. At rest, 60% of the high-energy phosphate derived from the 
metabolism of the cell is utilized for contractility, 15% for relaxation, 5% for 
electrical activity. The remaining 20% is necessary for maintaining cell 
integrity (8). These so called "wear and repair" processes represent a 
metabolic priority for the cell. Thus, during ischaemia, when the support of 
phosphates is decreased, the first activity to be reduced is contractility. 
Regional dysfunction is directely related to reduction of regional blood flow, 
and represents a sensitive "semiquantitative" index of regional ischaemia (9). 
The relationship between subendocardial flow and systolic wall thickening is 
represented in Table I. 
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reduction of subendo
cardial blood flow 

20% 
50% 
80% 

TABLE I 

reduction of 
myocardial thickening 

15-20% 
40% 
100% 

Reduction of subendocardial blood flow > 80% generally extends to 
subepicardium, and results in dyskinesis, Regional myocardial dysfunction 
can be detected by two-dimensional echocardiography, 

ULTRASONIC MARKERS OF MYOCARDIAL ISCHAEMIA 

The ultrasonic markers of regional myocardial ischaemia are represented in 
Table IL 
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TABLE II 

. /Hypokinesis 

REGIONAL DYSSYNERGY ~Akinesis 

Dyskinesis 

reduction of systolic 
inward motion of LV wall 
absence of systol.ic 
motion of LV wall 
paradoxical systolic 
motion of LV wall 

SYSTOLIC WALL THICKENING IN PERCENT 

CAVITY--- LEFT VENTRICULAR DILATION 

~AORTIC VELOCITY 

DOPPLER ------- MITRAL VELOCITY 

COLOR FLOW 

Aortic peak flow velocity 

Aortic flow velocity integral 

E/A ratio 

Acute mitral regurgitation 

The cardinal signs of transient myocardial ischaemia involve left ventricular 
wall. The three grades of impaired wall motion represent an arbitrary 
classification, based on subjective semi-quantitative analysis of images. In 
this respect, intraobserver and interobserver variability should be minimal to 
maintain acceptable clinical reliability of the diagnosis of hypokinesis. 
Theoretically, decreased systolic wall thickening is a more sensitive sign of 
myocardial ischaemia than wall motion. Regional wall motion can be affected 
by other non-ischaemic factors, such as left bundle branch block, volume 
overload. post-operative paradoxical septal motion, tethering by adjacent 
segments. Moreover, systolic wall thickening is an active process and 
represents the true expression of contractility. Generally, both wall motion 
and systolic thickening are evaluated when echocardiograms are analysed for 
the assessment of transient myocardial ischaemia. 
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Transient left ventricular cavity dilation is an ancillary sign of 
ischaemia, and often accompanies impairment of wall dynamics (10). 
Sometimes, an increase in systolic left ventricular dimension is the first 
echocardiographic sign that becomes evident during ischaemia. 

Doppler signs of systolic or diastolic dysfunction are less sensitive 
indicators of ischaemia; rather, they point to the extent of myocardial 
ischaemia (11). Theoretically, diastolic dysfunction precedes systolic 
dysfunction, but the clinical application of indices of diastolic function has 
not been found superior to wall motion analysis from two-dimensional 
echocardiogram (12). 

STRESS ECHOCARDIOGRAPHY VS NUCLEAR CARDIOLOGY 

Radionuclide stress techniques have been extensively applied for both the 
diagnosis and evaluation of myocardial ischaemia due to coronary artery 
disease. Both radionuclide angiography and perfusion scintigraphy have been 
demonstrated to have good diagnostic accuracy in a large series of studies 
(13-16). Thus, stress echocardiography has been compared to coronary 
arteriography (the anatomical reference method) and/or nuclear techniques 
(the reference method for the diagnosis of myocardial ischaemia). However, 
from a pathophysiological point of view, some important differences between 
the two techniques exist. First, the end-points of stress echocardiography and 
perfusion myocardial scintigraphy are different. Positivity of perfusion 
scintigraphy relies on the detection of a relative difference in perfusion 
between myocardial segments supplied by different arteries (6). Therefore, 
the presence of myocardial ischaemia is not essential for a positive test. On 
the contrary, ischaemia is the diagnostic end-point for stress 
echocardiography. This important issue can explain the lower specificity of 
perfusion scintigraphy when compared to stress echocardiography (17). 

Another important difference with practical implications is represented 
by the recognition of the time of onset of myocardial ischaemia. Myocardial 
scintigraphy is performed without on-line assessment of imaging, while with 
stress echocardiography wall motion can be monitored, which allows 
identification of the time of onset of ischaemia (18). The test can be stopped 
when new or worsened wall motion abnormalities are observed. Thus, stress 
echocardiography is potentially safer than perfusion scintigraphy, where 
monitoring is achieved by elusive markers of ischaemia such as chest pain 
and ECG changes. Finally, the information derived from the time of onset of 
ischaemia is relevant for prognostication of patients (19). 
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STRESS MODALITIES 

Many different stress methods have been used in conjunction with 
echocardiography, including exercise (bicycle or treadmill, with 
echocardiographic recording at peak or immediately post-exercise) (20), 
atrial pacing (intracavity and more recently transesophageal) (21), and 
pharmacological agents (dipyridamole, adenosine, dobutamine, arbutamine) 
(22). Transesophageal atrial pacing and recording have been successfully 
applied (23), but it is unlikely that this "semi-invasive" approach will replace 
precordial echocardiography, at least for routine clinical practice. 

Exercise echocardiography 

Dynamic exercise is the most physiological type of stress and the most 
popular test for eliciting myocardial ischaemia. Physical activity is the usual 
way by which ischaemia is provoked during daily life, and a diagnostic test 
that reproduces these events will provide the most clinically relevant 
information. Different modalities of exercise can be adapted to two
dimensional echocardiography. In Europe, bicycle exercise is by far the most 
common type of dynamic stress test, and is usually performed in the upright 
position. Bicycle exercise offers some advantages over treadmill when 
echocardiographic imaging is coupled. 
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TABLE III 

COMPARISON OF BICYCLE AND TREADMILL EXERCISE 
ECHOCARDIOGRAPHY. 

ECHO IMAGING BICYCLE TREADMILL 
Quality ++ 
Throughout exercise yes no 
Peak exercise yes no 
Post-exercise yes yes 

Generally, echocardiographic images are recorded at rest and immediately 
after exercise has been terminated. Parasternal long- and shon-axis, and 
apical four- and two-chamber views are usually recorded, both at rest and 
post-exercise, in the same left lateral position. Some disadvantages of this 
method shoul be outlined: 

1) although rest images are usually of good quality, deterioration immediately 
after stress occurs. This is mainly due to excessive breathing causing 
respiratory artifacts and making the heart moving in and out the examining 
plane; 

2) theoretically, myocardial ischaemia can be short lasting. In the presence of 
milder degrees of ischaemia, wall motion abnormalities may reverse 
quickly after termination of exercise. Thus, the real extent and severity of 
ischaemia may be underestimated, limiting the potential role of post
exercise echocardiography as a prognostic tool; 

3) with this "two-step" protocol, only rest and post-exercise images are 
recorded. Myocardial wall motion and cardiac function are not monitored 
throughout the entire study, and the ischaemic threshold (i.e., the 
minimum workload at which wall motion abnormalities begin to occur) 
cannot be evaluated. 

The use of two-dimensional echocardiography in conjunction with stress 
testing was first reported in 1979 (24). However. despite promising results 
and initial enthusiasm (25-31), some technical problems hampered its 
widespread application. Successful imaging was possible in only 70-80% of 
patients, the overall image quality was suboptimal, the images at peak 
exercise are very difficult to analyse, and the comparison between rest and 
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stress images was made going "back and forward" on the videotape in order 
to detect subtle changes in wall motion. Reference images at rest were kept in 
mind and compared with those obtained at stress. Furthermore, peak images 
were often represented by isolated cardiac cycles interrupted by respiratory 
artifacts. In this way, analysis was difficult and tedious, thus hampering 
routine application. These drawbacks and the concomitant emergence of 
radionuclide techniques limited the widespread use of exercise 
echocardiography. 

Two factors renewed the interest in exercise echocardiography in the 
mid 1980's. First, technological advances in ultrasound equipment improved 
the image quality, and second, digital processing techniques were introduced 
and combined with echocardiographic imaging. These technical innovations 
increased the availability and acceptance of the technique significantly. 

Supine bicycle ergometry is another stress modality. There are some 
differences between upright and supine posture during bicycle exercise (Table 
IV). A higher workload is attained in the upright position, with a greater 
increase in left ventricular systolic function and arterial pressure. 

TABLE IV 

HAEMODYNAMIC DIFFERENCES BETWEEN UPRIGHT AND SUPINE 
BICYCLE ERGOMETRY. 

UPRIGHT SUPINE 

HEART RATE +++ ++ 
BLOOD PRESSURE +++ ++ 
WORKLOAD +++ ++ 
STROKE VOLUME ++ ++ 
CARDIAC OUTPUT +++ ++ 
L VED PRESSURE ++ +++ 
LVED VOLUME ++ +++ 
WALL STRESS ++ +++ 
LV CONTRACTILITY +++ ++ 

From a practical point of view, these conclusions can be summarized: 
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1) Echocardiographic images can be combined with all types of dynamic 
exercise; 

2) whatever exercise modality used, digital recording and cine-loop display 
of echocardiographic images are necessary for interpretation of the test; 

3) treadmill stress test only allows for echocardiographic imaging at rest and 
immediately after interrupting exercise. Recording at peak stress is 
possible with bicycle ergometry; 

4) supine bicycle echocardiography (32) offers the advantage that all views 
can be recorded, while in the upright position it is limited to the apical and 
subcostal wiews; 

5) the technique is highly dependent on the ability of the operator to record 
good images. When a post-exercise protocol is used, the time interval 
between cessation of exercise and recording is extremely important. This 
is the major limiting factor for the interpretation of the results of the test. 

The latter point and the fact that at least 30% of patients referred for the 
assessment of myocardial ischaemia are unable to perform an adequate 
exercise led to the search for "alternative" stress methods. 

Atrial pacing stress test 

The difficulties in performing and the artifacts interfering with the 
interpretation of exercise stress echocardiograms stimulated investigators to 
look for alternative stress methods. There is experimental evidence 
supporting the concept that during atrial pacing there is a redistribution of 
flow (33), resulting in a reduction of subendocardiai/subepicardial blood flow 
in the presence of a coronary stenosis (34). In the past years, the feasibility 
of transesophageal atrial pacing was limited by excessive discomfort for the 
patient. Recently, the improvement in pacing electrodes and technology 
allowed to lower the current intensity, and as a result transesophageal atrial 
pacing is now better tolerated. 

The protocol for the test is based on atrial pacing started at 110 
b/min, with increments every two minutes by 10 b/min, until a heart rate of 
150 b/min is achieved. This stage is then maintained for 5 minutes, if no wall 
motion abnormalities are induced. Premedication with atropine (0.02 mg/Kg 
iv) should be used in patients with a low Wenckebach point (21). 

Only few investigators have assessed the feasibility, the safety, and 
the diagnostic utility of transesophageal atrial pacing in conjunction with 
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precordial echocardiography for the diagnosis of coronary artery disease 
(35). More recently, Lambertz et a! (23) combined the use of simultaneous 
transesophageal pacing and transesophageal echocardiography. Despite 
excellent initial results, it remains to be proven whether this approach is 
superior to the usual transthoracic approach in clinical practice. It is likely 
that this method will be confined to patients with poor precordial 
echocardiograms or for research purposes, e.g. when quantitative data are 
requested. 

Cold pressor test 

Sometimes, the exposure to cold may worsen the anginal pain in patients with 
coronary artery disease. The mechanisms involved are mostly related to an 
increase in peripheral vascular resistance and possibly in the coronary 
arteries. The increase in blood pressure results in an increase in afterload 
which is one of the major determinants of myocardial oxygen consumption. 
However, only two studies have been reported in the literature on its 
application combined with ultrasonic imaging (36,37) and a low diagnostic 
accuracy was found. Thus, the value of cold pressor test as a provocative test 
in conjunction with two-dimensional echocardiography appears to be limited. 

Hand grip 

Handgrip is an alternative stress modality in patients unable to perform 
exercise. The sudden rise in blood pressure due to the isometric exercise 
increases myocardial oxygen demand. The test is ideal in combination with 
two-dimensional echocardiography as the lack of motion and hyperventilation 
does not limit image quality. However, heart rate and cardiac output are not 
significantly increased. Data on two-dimensional echocardiography during 
isometric exercise are limited (38,39). Ideally, the test may be combined with 
other pharmacological stress agents, as dipyridamole or adenosine, to further 
increase the potential for inducing ischaemia via a different mechanism. 

Pharmacological stress 

Although exercise is the most physiological method to achieve a maximal 
level of stress, some patients are unable to perform conventional exercise 
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stress testing adequately. Such limitation can be due to lung disease, 
peripheral vascular disease, central nervous system disorders, deconditioning, 
or orthopedic problems. Moreover, technical problems related to 
echocardiographic monitoring during dynamic exercise stimulated the use of 
pharmacological stress agents. 

Pharmacological stresses are ideal partners of imaging methods in 
general and of echo cardiography in particular. The patient maintains the same 
left lateral decubitus throughout the test, avoiding hyperventilation, and the 
heart can be adequately imaged from different windows and in different 
views, m search for new wall motion abnormalities. Moreover, 
pharmacological stress allows continuous monitoring and ischaemia can be 
detected from its onset. The ischaemic threshold can thus be evaluated and 
the test safely performed. 

a, Dipyridamole 

Dipyridamole was the first pharmacological agent used for stress 
echocardiography ( 40). The physiological basis for inducing myocardial 
ischaemia and its mechanisms of action have been extensively reviewed (41). 
The vasodilator effect of dipyridamole is related to the increased plasma level 
of endogenous adenosine. Dipyridamole acts by inhibiting adenosine
deaminase (the enzyme that converts adenosine into inosine) and by 
preventing adenosine re-uptake into myocardium. The haemodynamic 
mechanism responsible for dipyridamole-induced ischaemia is related to a 
decrease in oxygen supply to a region supplied by a critical coronary artery 
stenosis by a "steal effect". 

After the initial experience with a cumulative dose of 0.56 mg/Kg 
over 4 minutes, Picano and coworkers reported acceptable values of 
sensitivity and a very high specificity for the diagnosis of coronary artery 
disease using a higher dose (0.84 mg/Kg over 10 minutes) (42). Nowadays, 
this is the protocol used for dipyridamole stress echocardiography. 
Aminophylline, which blocks the adenosine receptors, is the antidote of 
dipyridamole. It is administered intravenously (70-240 mg) for rapid reversal 
of dipyridamole-induced myocardial ischaemia and for treatment of side 
effects. 

The test has been applied for detecting the presence of multiple vessel 
disease in patients after a first myocardial infarction (43), in the pre- and 
post- angioplasty evaluation of patients mostly with one-vessel disease 
(44,45), for prognostication of patients with chest pain or with previous 
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myocardial infarction ( 46). Finally, the multicenter Echo Persantin 
International Cooperative Study (EPIC) provided a large amount of data on 
the safety, the diagnostic accuracy, and the prognostic value of dipyridamole 
echocardiographic test ( 4 7 ,48). 

b. Adenosine 

Based on the mechanism of action of dipyridamole, some investigators 
proposed the use of the "second messenger" adenosine to achieve a 
vasodilatory effect ( 49). The main feature of adenosine is its extremely short 
half-life, but the depression of sino-atrial or atrio-ventricular node function 
can result in bradyarrhythmias. The nature of the side effects of adenosine 
are similar to those of dipyridamole, and aminophylline is used as antagonist. 
From a theoretical point of view, the clinical application and the results of 
adenosine as a stress agent should be similar to those obtained with 
dipyridamole. However, until now few data are available on adenosine stress 
echocardiography (50), and more data are requested to assess the safety and 
the diagnostic accuracy of this test. 

c. Arbutamine 

Arbutamine is a new catecholamine producing increases in heart rate and 
myocardial contractility. Arbutamine is administered intravenously through a 
computerized delivery system designed to monitor the patient's heart rate and 
blood pressure. In this way, the amount of drug delivered is based on the 
heart response to the drug. There are only preliminary results on the potential 
role of this drug as a stress agent for the diagnosis of coronary artery disease 
(51). 

d. Dobutamine 

Dobutamine is a synthetic catecholamine, which has the property to stimulate 
beta!, beta2, and alfal-adrenoceptors in the cardiovascular system. The 
apparent selective inotropic effect of dobutamine is due to the alfal
adrenoceptors located in the heart (52). The drug increases also heart rate 
and, to a lesser degree, blood pressure, causing an increase in myocardial 
oxygen demand. Direct beta2-adrenoceptor-mediated activity in the 



peripheral vasculature induces substantial vasodilation. Its mechanism is more 
"physiological" than dipyridamole, and is similar to exercise stress testing 
(exercise simulator). 

Different protocols have been used for dobutamine stress 
echocardiography. The following aspects are of importance: 

1) low-dose infusion (5-10 meg/Kg/min) elicits a pure inotropic response with 
mild increase in myocardial oxygen demand, and is used to evaluate 
viability of the myocardium; 

2) a 3-minute intervals for increments in dosage of 10 meg/Kg/min up to 40 
meg/Kg/min represent a compromise between pharmacokinetic properties 
of dobutamine and feasibility of the test; 

3) the addition of atropine on top of dobutamine infusion increases the 
sensitivity of the test, particularly in patients on beta-blocker therapy, 
without loss of specificity (53); 

4) intravenous beta-blocker is the antidote to reverse dobutamine and atropine 
side effects. 

The use of high-dose dobutamine as a stress agent was not very widespread 
until recently. However, increasing evidence is accumulating that the test is 
accurate and reproducible for the diagnosis of coronary artery disease and 
very suitable for use in conjunction with echocardiographic monitoring in 
many different clinical settings (54). 

PRACTICAL ASPECTS OF STRESS ECHOCARDIOGRAPHY 

1) Criteria of a positive test 

The identification of ischaemia is based on the comparison between rest and 
images during stress. Thus, the pattern of contractility at rest clearly 
influences the response of the left ventricle to stress. Two clinical conditions 
should be considered: 

a. Normal wall motion at rest.. 

In this situation, a stress-induced wall motion abnormality can be considered 
as a marker of myocardial ischaemia. The type of induced dyssynergy 
(hypokinesis, akinesis, or dyskinesis) identifies different grades of severity of 
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ischaemia (see Table II). 
In general, identification of regional akinesis or dyskinesis is easy. 

Less clear is the definition of hypokinesis. There is no clear transition 
between normal contraction and hypokinesis, and the final assessment relies 
on subjective evaluation. Moreover, in most cases, hypokinesis of one region 
is defined upon a relative hyperkinesis in other segments, rather than absolute 
deterioration of wall motion as compared to resting wall motion. This is 
particularly true when inotropic stress modalities are used, such as exercise 
or dobutamine. Furthermore, in patients performing stress echocardiography 
on antianginal medication (expecially beta-blockers), the "normal" response 
to stress is unpredictable; thus, the relative comparison of wall motion of 
different segments becomes less reliable. 
b. Abnormal wall motion at rest. 

bl. Hypokinetic segments. 

The diagnosis of stress-induced ischaemia in segments which are already 
hypokinetic at rest is probably the most difficult aspect of stress 
echocardiography for several reasons. First, the term hypokinesis includes a 
continuous spectrum of a decrease of wall motion, from minor degrees to 
severe impairment. Secondly, the normal response of a hypo kinetic segment 
to exercise, inotropic stimulation, and also vasodilatory agents, should be an 
increase in contractility, at least during the first stage of the test, and before 
myocardial ischaemia develops at a higher stress load. Thus. how should we 
interpret the absence of this improvement or the return to hypokinesis after a 
transient improvement? Clearly, a deterioration of wall motion (e.g., from 
hypokinesis to akinesis or dyskinesis) is considered as indicative of the 
presence of myocardial ischaemia. 

b2. Akinetic segments. 

Akinetic segments are generally not scored for the presence of residual 
myocardial ischaemia. A worsening from akinesis to dyskinesis can be due to 
increased ventricular loading conditions rather than true ischaemia. 
expecially during exercise or dobutamine stress test. However, there is both 
experimental and clinical evidence that akinetic myocardium can be viable 
but ischaemic (55), with an improvement of wall motion at early stages of 
exercise (or at low-dose of dobutamine or even at low-dose of dipyridamole 
infusion) and later return to akinesis. The potential advantages of this 
"integrated" evaluation of stress echocardiography remain to be studied. 
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Although the visual analysis of left ventricular wall motion depends on the 
complex spatial integration performed by human eyes throughout the entire 
stress test, in the studies of this thesis the following criteria for a positive test 
result have been used: 

*normal wall motion at rest: 
-development of any dyssynergy (hypokinesis, akinesis, dyskinesis) during 
stress: 

*abnormal wall motion at rest: 
-hypokinesis: worsening of contractility between rest and peak images; 
-akinesis, dyskinesis: not analysable. 

2. Criteria for the interruption of a pharmacological stress test 

a. The left ventricular wall is monitored by echocardiogram during 
pharmacological stress test; thus, any stress-induced wall motion abnormality 
identifies the presence of myocardial ischaemia and represents the most 
reliable end-point and the standard criterium for terminating the test. In this 
way, safety of pharmacological stress echocardiography has been assured and 
proven in large series of patients ( 4 7). However, the interruption of the test 
when the first wall motion abnormality occurs may limit the potential value 
for the identification of all the diseased vessels, including stenoses of lesser 
degree than the culprit lesion. The balance between a complete evaluation of 
myocardial ischaemia and the safety of the test when the first new wall 
motion abnormality is not used as an end-point has not yet been determined 
and represents an area of future research. 

b. The test is generally terminated when ST segment depression occurs. 
However, there is no agreement on the degree of ST segment depression 
which should be considered for discontinuation of the test. As wall motion 
abnormalities usually occur before ECG changes, reasons for terminating the 
test on the basis of ST changes are very rare. 

c. Chest pain, particularly if severe and of anginal type, is always a reason 
for the termination of a stress test, even in the absence of new wall motion 
abnormalities. 

d. Age-predicted maximal heart rate is an end-point of a dobutamine stress 
test. and represented by far the most frequent reason of interruption of 
infusion in a large series of patients at Thoraxcenter (56). 
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e. Severe side effects: chills, life-threatening arrhythmias, and dyspnea with 
dobutamine; and bronchospasm, bradyarrhythmias, headache, dizziness, 
nausea with dipyridamole may occur, but rarely require termination of 
pharmacological stress test. 

f. Hypotension may occur during dobutamine infusion. Different criteria for 
hypotension has been used and its frequency varies between 11 and 20%. In 
the first studies on dobutamine stress echocardiography, a drop in systolic 
blood pressure of > 20 mmHg was considered indicative of global myocardial 
dysfunction (as with exercise testing), and thus a sign for interrupting the 
test. However. no correlation was found between new wall motion 
abnormalities and the occurrence of hypotension during the test (57,58). The 
most likely mechanism for hypotension is a dynamic left ventricular outflow 
obstruction (59). 

3. Technological development of stress echocardiography (60) 

The application of digital recording techniques to stress echocardiography has 
facilitated both the performance and analysis of the tests. Digital frame 
grabbing systems permit to capture a series of frames of a single cardiac 
cycle, selected on the basis of its high quality, either off-line or on-line. 
These frames are usually eight, with a 50 msec interval starting from the R 
wave of electrocardiogram. Thus, a period of 350 msec is explored. 
representing the systolic phase for a wide range of heart rates. Once 
digitized, the images can be played in an endless-loop sequence and 
represented in a single-, dual-, or quad-screen format. Since only a single 
cardiac cycle is needed to create the cine-loop sequence, digital techniques 
have significantly reduced the image acquisition time. This is particularly 
important for immediate post-exercise imaging. where respiratory artifacts 
deteriorate image quality. and recording time must be minimal in order to get 
adequate information before subtle wall motion abnormalities may resolve. 

In stress echocardiography, digital technology provides the 
opportunity to store standard views at rest and to capture all the 
corresponding post-exercise images. Then, selected pre- and post-exercise 
cine-loops are re-mixed and represented on one or two quad-screen format. 
By convention, rest images are displayed to the left of post-exercise images 
to allow immediate comparison of side-by-side rest/stress studies. Moreover, 
the continuous cine-loop display allows an unlimited time for review and 
facilitates a frame-by-frame analysis. This improves the ability to detect 
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subtle wall motion abnormalities. With digital techniques, storage, retrieval 
and display of stress echocardiograms are favorably affected. An enn~e stress 
study can be stored on a simple hard-d1sk, floppy-d1sk or optJcal-d1sk, and 
serial studies easily compared. . 

Digital techniques may be less important for pharmacolopcal stress 
echocardiography. A video recording allows good quality stud1es. Wnh 
pharmacological stress, image quality is less affected by arnfacts due to chest 
movements, hyperventilation or tachycardia. 

METHODS USED IN THIS STUDY 

In the studies reported in this thesis, stress echocardiography (either with 
exercise or with pharmacological agents) and myocardial perfusion 
scintigraphy have been performed in different groups of patients and in 
different clinical conditions. Some practical aspects on the protocols of 
echocardiographic tests are briefly reported. 

Exercise protocol 

Baseline blood pressure, 12-Iead ECG, and cross-sectional echocardiogram 
are recorded at rest, with the patient lying on the left lateral decubitus. 
Position of precordial ECG leads is adapted in order to avoid interference 
with acoustic windows. All standard views are obtained (parasternal long
and short-axis, apical four- and two-chamber), when possible, and recorded 
on videotape and digitized on-line. Then, symptom-limited upright bicycle 
exercise testing is performed. Approximately one minute before the test is 
stopped, radiotracer (either 201-TI or 99m-Tc-MIB!) is injected in an 
antecubital vein while the patient continues to exercise. Immediately after the 
end of the test, the patient !ayes in the same left lateral position on the bed, 
and stress images are acquired. For simultaneous nuclear studies, acquisition 
is done after 5 minutes when 201-TI is used, or 1 hour later. when 99m-Tc
MIB! is used. 
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Pharmacological protocols 

Some methodological aspects are similar to both dobutamine and 
dipyridamole. An infusion line is placed in an antecubital vein and the ECG 
is monitored throughout the test. Twelve-lead ECG is recorded with the same 
modalities as for exercise testing. Blood pressure is recorded from the arm 
not receiving the drug. Baseline echocardiogram is recorded on videotape. 
Digital acquisition is obtained, when needed. 

Some end-points of the test are common to both drugs: chest pain, 
typical · ST segment changes, significant side effects, completion of the 
protocol, and obvious stress-induced wall motion abnormalities. Antidotes 
(amynophylline for dipyridamole, betablockers for dobutamine) and nitrates 
are at hand, and all the equipment for cardiopulmonary resuscitation should 
be readily available. 

Dobutamine stress test 

Dobutamine is injected by an infusion pump with stepwise increments. The 
protocol used at the Thoraxcenter has changed throughout these studies. In 
the first patients we started with an initial infusion rate of 5 meg/Kg/min. 
Every 3 minutes the infusion rate was increased with increments of 5 
meg/Kg/min, until an infusion rate of 40 meg/Kg/min was reached. A 
negative test could therefore last up to 24 minutes. In a later group of 
patients the protocol was shortened by starting the first infusion step at 10 
meg/Kg/min and using increments of 10 meg/Kg/min. Hence, the protocol 
was shortened to 12 minutes. In case the target heart rate was not reached, 
and the test was still negative, duration of the highest infusion rate was 
prolonged up to 6 minutes, while atropine (0.25-1 mg iv) was added to obtain 
a more pronounced chronotropic effect. 

Metoprolol is injected to reverse long-lasting myocardial ischaemia 
and severe side effects. 

Dipyridamole stress test 

Patients referred for a dipyridamole test had to stop theophylline drugs at 
least 48 hours before the test and were not allowed to take any caffeine
containing beverages at least 12 hours prior to the test. In our laboratory, 
dipyridamole was injected at an infusion rate of 0.14 mg/Kg/min for 6 
minutes (total dose 0.84 mg/Kg). This is not the standard protocol for the 
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dipyridamole stress echocardiography, and it was used in patients primarily 
referred for myocardial scintigraphy. Aminophylline was injected in case of 
prolonged ischaemia (240 mg) or severe side effects, and also in the negative 
tests (70 mg) at the 15th minute, to abolish completely the haemodynamic 
effects of the dipyridamole. 

STUDIES PRESENTED IN THIS THESIS 

This thesis presents the initial experience on stress echocardiography done at 
the Department of Cardiology, University Hospital of Rotterdam. The main 
purposes of this research were: 

1) to assess the safety and feasibility of stress echocardiography; 

2) to evaluate the sensitivity and specificity of stress echocardiography for 
the detection of coronary artery disease; 

3) to compare the results of stress echocardiography with those obtained at 
myocardial perfusion scintigraphy; 

4) to compare the results of different pharmacological stress agents in the 
same group of patients. 
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PATIENT STUDY GROUPS IN THE PRESENT THESIS 

STRESS MODALITY STUDY PATIENTS SELECTION Nr OF PTS 

Exercise Ch 2 Referred for scintigraphy 103 
(suspected ischaemia) 
*non-diagnostic X-test 
*equivocal X-test 
*positive X-test 

EXercise Ch 3 Referred for scintigraphy 75 
*normal ECG at rest 
*coronary angiography 

Exercise Ch 4 One-vessel disease 44 

Exerdse Ch 5 Isolated LAD stenosis 21 
(derived from Ch 4) 

Exercise Ch 6 Candidates for PTCA 26 
Pre- and post-PTCA 

Dobutamine Ch 8 Chest pain 52 
Referred for angiography 

Dobutamine/Dipyridamole Ch 9 Chest pain 46 
Referred for angiography 

Dobutamine Ch 10 Referred for scintigraphy 105 
Suspected ischaemia 

Dipyridamole Ch 11 Risk stratification 89 
Early post-MI 
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The comparative value of exercise echocardiography and 99m 
Tc MIBI single photon emission computed tomography in the 

diagnosis and localization of myocardial ischaemia 
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To determine the relath·e value of exercise two-dimensional echocardiography and 99m Tc metlwx.visobutylisonitrile single 
photon emission computed tomography (MIS/ SPECT) for the detr:t:fion of myocardial ischaemia, 103 consecutive 
patients with either proven or suspected coronary artery disease, who were referred for perfusion scintigraphy, were studied 
b_v a combiniltion of the two techniques during the same symptom-limited upright bicycle exercise test. Appropriate 
echocardiographiC images were recorded both at rest andimmediate{rpost-exercise and subsequently analysed by means of 
digital cine loop processing. Both echocardiographic and MIBI SP ECT images were visually analysed. For each technique, 
three different responses to exercise were defined: normal (absence of rest and exercise abnormalities): ischaemic (transient 
scintigraphic perfusion defects and transient v.·all motion abnormalities during e.~:ercise echocardiography): and fixed 
abnormalities (fixed scintigraphic perfusion defects; echocardiograplzic wall motion abnormalities at rest without worsen
ing after exercise). To allow a valid comparison of each technique in locali=ing ischaemia, the left ~·entricle was divided into 
the following six major regions for bOth methods: anterior. posterolateral. inferior. interventricular septum (subdivided in 
anterior and posterior septum) and apex. 

Eleven of the 103 patients had to be excluded/rom the final analysis because of unsatisfactory examinations: seven with 
non-interpretable exercise echocardiograms and four with non-interpretable M!BI SPECT images. The response to 
exercise was concordantly classified by both techniques in 84% of patients ( k = 0· 78). Exercise echocardiography revealed 
the presence of ischaemia in 38 and MIBI SPECT in 45 patients (agTeement=77%). When regional analysis was 
performed,concordanceofexerciseechocardiographyandM fBI SP ECTKasobservedin 91% ofthe552 regions (k= 0-81). 
11.·hile agreement for the presence of myocardial ischaemia was loKer (72%). with a trend for a higher occu"ence of 
transient perfusion defects in posterolateral and inferior regions and in patients with pre~·ious myocardial infarction. 

In the 30 patients without previous myocardial infarclion who underwent coronary angiography, the sensilivities of 
exercise ECG; echocardiography and SP ECT for the diagnosis of coronary artery disease (diameter stenosis ?::.50%) 
were 56%, 70% and 77%. respectively. 

Introduction 

It has been demonstrated that reversible regional left ven· 
tricular wall motion abnormalities occur as a result of 
stress-induced myocardial ischaemia in both experimental 
and clinical studiesi1-4l, and that rv.•o-dimensional echocar
diography can detect such wall motion abnormalities!>-IIJ. 
Thus. stress echocardiography and more particularly 
exercise echocardiography, the most physiological and 
commonly used type of stress. have been the subject of 
increasing interest because of the availability of computer· 
assisted image processing which facilitates the acquisition 
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and analysis of two-dimensional echocardiogramsl10
•
11 1. 

Three previous reports ha veindicatcd that theinforma tion 
derived both from exercise and pharmacological stress 
echocardiograph y compares favourably with that derived 
from planar TI 201 scintigraphy in the diagnosis of 
coronary artery d.iseasef12

•
141. However~ the recent intro· 

duction of single photon emission comPuted tomography 
(SPECT) and theuseof99m Tcmethoxyisobutylisonitrile 
(MIBI) as a myocardial perfusion agent have significantly 
improved thediagnosticaccuracy of the scintigraphic tech
nique for the detection of myocardial ischacmia.(1 5•

161. So 
far, the agreement between exercise-induced wall motion 
abnormalities (detected by echocardiogra.phy) and tran
sient perfusion defect (detected by MIBI SPEC"Q for the 
diagnosis, localization and quantification of myocardial 
ischaemia has not been explored. 

Accordingly. the aim of this study was to establish the 
correlation between the two tests in a consecutiVe group of 
patients with proven or suspected coronary artery disease, 
who were presented for scintigraphy and in whom stress 
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echoco.rdiographyand MIBI SPEer were simultaneously 
applied. 

Methods 

PATIENTS SELECTION 

The study group consisted of 103 consecutive patients 
referred to the labo~tory of nuclear cardiology at the 
Thoraxcenter for the evaluation of suspected myocardial. 
ischaemia. who were simultaneously studie>:l by exercise 
cchocardiography and MIBI SPECT. Their ages ranged 
frdm 30 to 78 years (mean 55±9 years). Thl!re were 80 
males and 23 females. Eleven patients weree."tduded from 
the analysis: seven because of inadequate echocardio
graphic images and four because of poor quality MIBI 
SPEer images. Twenty-nine patients bad a previous 
myocardial infarction .. The scintigraphic study was 
requested for the following clinical reasons: a previous 
non-diagnostic routine ECG exercise test and suspected 
myocardial ischaemia~ the need to localize and to quantify 
the area of myocardial ischaemia in patients v.ith a posi
tive exercise test. or to assess the functional significance of 
coronary lesions in patients with an equivocal ECG exer
cise test result. At the time of the study~ 52 patients were 
receiving antianginal therapy including ~ta-blockers 
either administered alone (12 patients) or in combination 
with nitrates and/or calcium channel blockers (24 
patients). The other 16 patients were recei\ing calcium 
channel blockers, either aJone (four patients) or in 
combination with oral nitrates (12 patients). 

Exercise testing procedure 

SymptOm-limited upright bicycle ergometry was per
formed with stepwise increments of 20 W every minute. 
Twelve lead ECG and blood pressure were recorded at 
rest and at I min intervals during the exercise and 
recovery phases. Three ECG leads (H, V2. V5) were con
tinuously monitored before. during and after exercise. 
The level of the ST segment was calculated. after signal 
averaging. by a computer-assisted system (Cardiovit 
CSG/12. Schiller). The ECG exercise test was classified as 
ischaemic when a ~ l mm horizontal or dov.-osloping ST 
segment depression occurred SO ms after the J point. The 
test was classified as non-diagnostic in cases of atypical ST 
segment change or when left bundle branch block or left 
ventricular hypertrophy was present. 

MIBI SPECI' imaging :u rest and after exercise 

Before the exercise test. an intravenous cannula was 
inserted in an antecubital vein. Approxi:mately 60s before 
termination of exercise. an injectionof370 MBq of99m Tc 
MlBI was administered. Tcnminutesaf~erthe injection. a 
5 gsorbitol tablet was glven to accelerate the hepa tobiliary 
clearance of the tracer. The exercise MIBJ SPECfimages 
were acquired. on average. 1 h after exercise. Imaging was 
performed with a Siemens Gammasonics single head 
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Figure I A diagrammatic representation of SPEer images. The 
si:\ short axis slices and the three vertical long axis slices used for 
perfusion analysis are shown. 

Rota-camera (Orbiter) equipped with 37 photomultiplier 
tubes. a I em Nal crystal and a low energy all-purpose 
collimator. Thirty-two projections (180" scanning) were 
obtained with an acquisition time of 45 s per projection. 
The digitizing matri..x (64 x 64word mode) was selected in 
the mid portion of the camera image by using a zoom 
factor of:j2. The tomographic data were processed on a 
Gamma II computer system with a floating point pro
cessor. Transaxial tomograms were reconstructed with a 
commercially available SPETS package (Nuclear Diag
nostics AB. Hagsten. Sweden). The direction of the left 
ventricle long axis was determined from two orthogonal 
views (anterior and lateral). Usingajoystick, theapproxi· 
mate centre of the left ventricle and the direction of the left 
ventricular long axis were determined. From these two 
long lines. the three-dimensional direction of the left ven
tricular long axis was computed. Oblique (short axis) and 
sagittal slices (vertical long axis). perpendicular and 
parallel to the long a.-cis respectively. were reconstructed. 
For each patient, six oblique (short axis) slices were 
defined from the apex to the base and three sagittal slices 
from the septum to the lateral wall. For resting studies, 
patients were injected with 370 MBq of99m Tc MIBI at 
least 24 h after the exercise study, using the same protocol. 

REST AND POST-EXERCISE ECHOCARDJOGRAPHY 

Two-dimensional echocardiograms were recorded at 
rest and immediately afler exercise.. using either a 3·5 or 
2·5 mHz transducer and a Hewlett Packard Sonos 1000 
system. Multiple imaging planes. including conventional 
parasternal long and short axes. apical two-- and four
chamber and apical long axis. were obtained at rest. with 
the patient lying in the left lateral decubitus position. 
Transducer positions on the chest wall. which allowed 
optimal imaglng. were marked before the exercise test. 
When the transducer position coincided with the position 
of one of the precordial ECG leads. the ECG electrode 
was placed one intercostal spa,;e lower. After reaching the 
exercise endpoint. the patients were immediately placed in 
the same left lateral position and the echocardiograms 
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Figure 2 The 14 left ventricular segments an.aly~ by cchocardiography. The anterior 
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were qWckly repeated with the transducer in the 
premarked positions. 

All the echocardiographic studies were recorded both 
on videotape and using a digital cine loop system (Nova 
Microsonics PreVue III. ATL). This system was set up 
to capture on line eight consecutive cchocardiograph.ic 
images with an inter-image sampling interval of 50 ms. 
Using this interval. the eight frames spanned a period of 
350 ms after the R wave. allowing complete analysis of 
systole over a wide range of heart rates. Images of one 
representative cardiac cycle obtained from each of four 
different views (parasternal long axis.. short axis at 
papillary muscle level. apical four-chamber and two
chamber) were derived at rest and served as baseline for 
interpretation of subsequent changes. Multiple apical 
views. including the apical long axis view. were used 
instead of parasternal views when these gave higher image 
quality. After exercise, the computer-based system 
allowed the capture of four consecutive cardiac cycles. 
The operator then selected the cycle with the highest 
image quality. Thus., two different quad screen formats 
showing the pre- and post-exercise views side-by-side 
were finally stored on a 13-4 em, double-sided. high
den~ity floppy disk. To analyse wall motion, these images 
were subsequently reviewed as a continuous loop at vari
ous play~back speeds. In addition. the videotape record
ings were used to examine multiple echocardiographic 
views (including short axis at different levels and apical 
long axis views). to monitor the recovery phase and to 

obtain off~lioe digital recordings when the on line images 
were incomplete or technically inadequate. 

INTERPRET ... TION OF MlBI SPECT AND EXERCISE 

ECHOCARDIOGRAPHY 

To compare rest and exercise MIBI SPECT images. the 
short axis aod sagittal slices were used. Each of the six 
shon axis slices were divided into eight equal segments, 
yielding a total of 48 segments. The apical region was 
assessed from the three central sagittal cross sections. 
yielding a wtal of 48+3=51 segments (Fig. I). One 
experienced observer visually assessed the uptake of 
radio tracer in both rest and exercise studies. giving a scmi
quantitatiY<e- score based on a scale of five (1 =normal. 
2 =slightly decreased uptake. 3 =moderately decreased 
uptake. 4=severely decreased uptake, 5='absence' of 
uptake). A global perfusion score index wascalculate'd by 
summing the score for each segment and dividing by the 
number of segments analysed. A persistent perfusion 
defect was defined when a score ;?: 3, in one or more seg
ments, was: present both during exercise and at rest. A 
persisting s..:ore of 2. representing a dubious defect, was 
considered to be normal. Moreover. it was decided. in 
advance. tv consider a non-reversible defect of the septal 
segments in the basal 2 short axis slices as normal. A 
perfusion d.: feet was considered reversible when the score 
at rest improved by.at least one grade with respect to the 
exercise scan. A significant but incomplete improvement 
of perf usioa from the exercise to the rest scan (persistence 

43 



of at least one segment with a score ~3 in the rest scan) 
was regarded as an ischaemic response and. for the 
purpose of data analysis, included with the reversible 
defects. 

On the echo images. the left ventricular walls were 
divided into 14segments.asdescribed by Edwardset af_P7J 

(Fig. 2). A visual analysis was performed. evaluating both 
systolic wall thickening and inward wall motion. Each 
segment was graded as normal (including hyperkinetic)= 
I. hypokinctic= 2. akinetic= 3. or dyskinetic= 4. A global 
wall motion score index was calculated by summing the 
scores assigned to each segment and dividing by the 
number of segments visualized. The resting and post· 
exercise images were compared in a side-by-side manner. 
An isehaemic response to exercise was defined as ( l) a wall 
motion deterioration of one or more grades in an area 
which was normal at rest; (2) a worsening of wall motion in 
a segment which was bypokinetic at rest. A normal study 
was defined as normal wall motion both at rest and after 
exercise in all ventricular regions. The patients with fixed 
wall motion abnormalities were classified in a third, separ
ate group. Both tests were separately interpreted by tv.·o 
experienced observers.. blinded to the resultS of any other 
clinical data or test results. In case of disagreement, the 
final interpretation was based on the judgement of a third 
observer. 

The results obtained by the two methods were then 
compared. To compare the site of the perfusion abnor
malities with the localization of the regional wall motion 
abnormalities. the 51 ventricular segments imaged by 
scintigraphy were combined into six major regions (Fig. 
1). Similarly, the 14 echocardiographic segments were 
grouped into six corresponding regions, denoted as: 
anterior (segments 2 and 7). posterolateral (segments 3 
and 8). inferior (segments 4 and 9), interventricular 
septum, subdivided in anterior (segments I and 6) and 
posterior (segments 5 and 10). and apex (segments 11. 12. 
!3.14)(F;g. 2). 

!I';"TER.- AND INTRAOBSERVER VARIABILITY OF EXERCISE MIBI 

SPECT A:>JD ECHOCARDIOGRAPHY 

To assess interobserver variability, 45 restjpost -exercise 
echocardiograms were reviewed by an independent inves
tigator unaware of either clinical data. angiographic or 
M!Bl SPEer results. One investigator subsequently 
reviewed24oftheseexaminationsatleast I month after the 
first interpretation. Similarly. 20 MIBI SPECT examin
ations were assessed by two indepcnden t investigators and 
twice by one of them. The interobservcrand intra-observer 
variability for the final interpretation of the tests were 
assessed by calculating the percentage of agreement. the K 

coefficient and its standard error'131• 

CORONARY ANGIOGRAPHY 

Coronary angiograms using the Judkins technique were 
performed within 2 months in 51 patients. Signific::J.nt 
coronary artery disease was visually defined as a diameter 
stenosis ~50%. 
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STATISTICAL A::-:AL YSIS 

All continuous variables were expressed as mean±SD. 
The agrttm.ent between MIBI SPECf and exercise echo
cardiography was defined as the percentage of concordant 
diagnoses and it was also assessed by calculating the 
kappa (,o,;) yaJue and its standard error; K values between 
0·6 and I w-ere considered indicative of good agreement. 
Global wall motion score indexes were compared using 
standard correlation statistics. McNemar's test was used 
to compar-e percentage between paired data. P values 
< 0·05 were considered significanL 

Results 

FEASIBILin: .\...'-"D REPRODUCIBILITY OF THE TESTS 

The bicycle exercise test and echocard.iographic studies 
were completed in all patients without complications. 
Seven patients were excluded from analysis because of 
technically inadequate post·exercise ecbocardiograms 
and four patients because of poor quality MIBI SPECT. 
Thus. 92 of 103 patients had analysable data with both 
tests and were included in this study. In IS patients para
sternal \iews were inadequate (in seven both at rest and 
after exerciS<;! and in eight only after exercise) and there
fore only the apical views were analysed. The mean time 
intervals be:wcen the end of exercise and the recording 
of the first and the last echocardiographic images were 
21 ± 12. and 82±29 seconds respectively (ranges 8 to 42 
and 32 to 1-W s). During this period, heart rate decreased 
by 15±5 \xats.min- 1

• The acquisition of stress MIBI 
SPECT bq..'"3.Il I h after peak exercise. Therefore, the 
immediate recovery phase could be monitored by echo
cardiography without interfering with the MIBI SPECT. 
The analysis of echocardiographic images required about 
15 min for each study, and was significantly shorter than 
the analysis of scintigraphic studies, which required 
approximately 1 h including time for processing and 
interpretation. 

Intra -o b$erver and in tero bserveragreement for the final 
interpretation of echocardiographicimages was92% (K = 
0·84,SE =0·2)and 91% (K=0·8l,SE=Q-14),respectively. 
for MIBI SPECT .intra-observerandinterobserveragrec
ment occurred in 90% (,.;=0·8. SE=0·22) and 85% (K= 
0· 70. SE = 0· 23) of patients, respectively_ 

RELA TIO="SHlPS BETWEEN wALL MOTIO~ AND MYOCARDIAL 

PERFUSIO::-: 

The results of exercise cchocard.iography and MIBI 
SPECT in the 92 patients are compared in Fig. 3. Overall 
agreement for the final diagnosis occurred in 84% of 
patients(,.;= 0· 78. SE= 0·09). A reversible perfusion defect 
was found in 45 patients (in 27 with a complete normaliz
ation of perfusion at rest); exercise echocardiography was 
concordantly categorized as ischaemic in 35 of them 
(agreement for ischaemia= 77% ). Of the 10 patients with 
discordant results, six had a totally reversible and four a 
partially reversible perfusion defect. In 9 patients the site of 
the reversible perfusion defect was the inferior and/or the 
posterolateral wall. In 21 of the 35 patients who exhibited 
ischaemia on both tests. the site of the perfusion defect 
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Figure 4 Comparison of rest/post-exercise perfusion and wall 
motion pattern in 552 left ventricular regions examined. 

was identical to the site of wall motion abnormality. In 12 
patients a partial concordance was found. since in at least 
one region both perfusion defect and wall motion abnor
mality were coincident. Of the remaining two patients.. the 
first showed posterolateral wall motion abnormality with 
an anterior perfusion defect. the second developed apical 
and inferior septal wall motion abnormality while a 
perfusion defect was found in the posterolateral region. 

Among the 552 ventricular regions analysed, the overall 
agreement between exercise echocardiography and 
SPECTwas91% and theKvaluewas0-81 (SE= 0-03) (Fig. 
4)_ Of the 94 regions with reversible perfusion defects, 
transient wall motion abnormalities were seen in 68 (agree
ment for ischaemia= 72%). The extent of the perfusion 
defects--and of the ventricular wall motion abnormalities 
evaluated by means of the global score indexes correlated 
both at rest and aftei- exercise {r=0·86, P < 0·001; r = 0·79. 
P<O·OOI). 

The relation between transient wall motion abnormali~ 
ties and reversible perfusion ·defects in the subgroups of 
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Figure 5 Agreement between transient v."0-11 motion abnormalities 
(Echo•) and reversible perfusion defects (SPECT +) ::;eparately 
analysed in patients with and without previous m:ocardial infarction. 

patients with and without previous myocardial infarction 
are represented in Fig. 5. In both subgroups, transient 
perfusion defects without new or worsened wall motion 
abnormalities were present in fisc patients; the incidence 
tended to be higher in patientsv.ith a previous myocardial 
infarction (15% vs8'%. ns). 

RELATION OFMIBI SPECT A::-.TI EXERCISEECHOCARDlOGRAPHY 

WITH ECG EXERCISE TEST 
Sixty percent of the patients achieYed 85% of their 

maximal predicted heart rate. Mean work load was 
159±38W; maximal heart rate and maximal systolic 
blood pressure were 138±25 (beats_ min~ 1) and ISO ±28 
(mmHg). respectively. According to the symptoms and 
ECG changes induced by the exercise test. 39 patients had 
ischaemia. 27 had a non-diagnostic result. and 26 were 
normaL Figure 6 shows the relation of exercise ECG test 
to MIBI SPECT and echocardiographic results. 

CORO':"ARY ANGlOGRAPHIC f'I!\<"OI]';GS 

Of the 55 patients who underwent coronary angiog~ 
raphy, significant coronary artery disease was present in 
51. Among 30 patients without previous myocardial 
infarction, the sensitivities of ECG changes. cchocardio~ 
graphic changes and transient pcrfm.ion defects on 
SPECT imaging for the detection of coronary artery 
disease were 56%, 70% and 77%. respectively. 

Myocardial perfusion scintigraphy is used to improve 
the accuracy of exercise testing to diagnose ischaemia due 
to coronary artery disease. The widespread usage of per
fusion scintigraphy is limited by the high cost of the pro~ 
cedure. the exposure of the patients to radiation. and the 
need for nuclear medicine facilities which are not avail~ 
able in all centres.. Echocardiography, performed in con
junction with different kinds of streSS, has been proposed 
as a feasible, safe and low cost alternative technique. This 
prospective study was undertaken to compare exercise 
echocardiography. integrated with a cine loop acquisition 
system. to MIBI SPECT in tenns of their ability to elicit 
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an ischacmic response. Our data demonstrate that exer
cise cchocardiography and MIBI SPECT provide simibr 
information about the response to exercise and confirm 
the few studies so far reported which compare stre:;.s echo
cardiography with perfusion scintigraphyf11-14l_ Howe\·er. 
the methodology and part of the results of the present 
investigation differ from previous studies :in :'<!Vera] 
aspects. 

Our primary goal was to establish the potential role of 
exercise echocardiography as an alternative to perfusion 
scintigraphy. Thus, our study group included patients 
referred for ra<lionuclide study rather than coronary 
angiography. Therefore. we did not use coronary angi
ography as a standard. Instead. we compared the func
tional consequences of myocardial ischaemia detected by 
the two non-invasive methods. Since a new wall motion 
abnormality detected -by exercise echocardiography 
represents a functional consequence of myocardial 
ischaemia, it seems more appropriate to relate exercise 
cchocardiography to perfusion Studies than to the 
coronary anatomy alone. 

Secondly. weuscdSPECTimagingwith 99m Tc MIBI as 
perfusion tracer, whereas prior correlative studies 
employed TI 201 planar scintigraphy. This tomographic 
method avoids the superimposition ofindividual Yentricu
lar walls and provides better definition of specific regions. 
thus providing more sensi ti vi ty f orthc detection ofindi v1d
ual coronaryarterystenosesl 1 ~· 161• Moreover, when 99m Tc 
MIBI is used instead ofTI 201 as a myocardial perfusion 
tracer. myocardial definition is improved and ischaemic 
segments are better differentiated from fixed pcrfusion 
dcfectsl1

(>1. 
Thirdly. echOC3.rd:.ogt:;!phic images were obtained and 

myocardial perfusion defined with 99m Tc MIBI SPECT 
during the s::une exercise test. Also, echocardiognms were 
recorded and displayed using a digital cine loop system. 
thus reducing the interference of post-exercise tachy
pnoea and allowing side-by-side comparison of rest and 
post-exercise images. This improves the quality of the 
exercise cchoca.rdiography and facilitates the analysis. 

In the present study. s:J.tisfactory echocardiograms 
were obtained !n 93% of patients: this is consistent with 

46 

the success :rate reported by other investigators using 
comparable methodologyl61_Jt is worth noting that in the 
present study no patient was excluded from analysis on 
the basis of poor image quality on the resting echocardio
gram. Also, the results of post-exercise echocardiography 
are strongly dependent on the ability of the operator to 
record good quality images quickly after exercise is 
stopped. Despite these limitations. echocard.iography is 
feasible immediately after upright bicycle ergometry in 
most patients and can be combined with simultaneous 
MIBI SPECT. It has been documented that delayed image 
acquisition can reduce the sensitivity ofTI 201 scanning 
to detect perfusion abnormalitiesl!91 whereas 99-m Tc 
MIBl allows imaging I h after the injection. Therefore, 
MlBI SPECT is more suitable than TI 201 for correlative 
echocardiograpJUc studies. 

RELATIONSI-llP OF MYOCARDIAL PERFUSION TO REGIONAL 

LEFT VENTRICULAR FUNCTIO:S 

The results of the present study indicate a good corre
lation between regional perfusion and regional wall 
motion. both at rest and after exercise. consistent with 
previous findings with stress/redistribution planar 
Thallium scintigraphyl 1 ~1 and with Thallium SPECT 
imaging at resrl:!OJ_ In addition. the data of the present 
study suggest that MIBI SPECT detects more patients, 
and more ventricular regions, with "ischaemia". This is 
especially true in patients with previous myocardial 
infarction or when 'ischaemia' occurs in the inferior or 
posterolateral regions. 

There arc several c.xplanations for'falsc-ncga.tive- echo
cardiographic studies, such as the rapid recovery of small 
exercise-induced wall motion abnonnaliticsl9211 and 
hyperdynamic con traction of normally perf used segments 
adjacent to the site of new wall motion abnormalities. 
Moreover. in patients with previous myocardial infarc
tion, exercise-induced wall motion abnormalities are 
difficult to detect because of significant wall motion 
abnormalities at rest. 

Finally, it should be underlined that perfusion imaging 
detects maldistribution of flow. which is not always 



accompanied by new wall motion abnormalities, which 
are the mechanical consequence of a real ischaemia. 

STIJDY LIMITATIONS 

Some limitations of the prcsen t studyshould be acknow~ 
!edged. First of all, both regional wall motion and myo
cardial perfusion were assessed visually. A more objective 
method would be desirable, but is not yet available. 
Quantitative analysis of exercise wall motion assessed by 
echocardiography has been attempted in normal individ
uals~1. However, the qualitative approach has been 
preferred by the majority of the investigatorst<>-IOI_ The 
difficulty of correcting for cardiac motion, which is 
accentt;ated by fast breathing.. hampers the application of 
algorithms for quantitative regional wall motion analysis. 
Conversely. our experience and that of other laboratories 
indicates that quantitative MIB I SPECT produces reliable 
informationPl_ 

Secondly. coronary angiography was ~ot used as the 
'goldstandard'inalipatients. However, we do not feel this 
is a major limitation. since our goal was to compare the 
value of two different tests to assess the functional signifi
cance of coronary disease. It would not be cOrrect to assess 
the diagnostic value of the tests in patients in which the 
application of coronary angiography was strongly depen~ 
dent on the test results. Moreover. we have previously 
assessed the diagnostic accuracy of the two methodst24l_ 

In conclusion, this study indicates generally good agree
ment between echocardiography and MIBI SPECT with 
respects to the response to exercise. Agreement is highest 
when the tests are normal or show fixed abnormalities. 
However. SPECT imaging may detect 'ischaemia' more 
frequently than echocardiography, particularly in inferior 
and posterolateral regions and in the presence of previous 
myocardial infarction. 

We are most grateful to Margriet Straver and Marion 
Verdijsseldonck for their friendly support and technical assistance 
during this study. 
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CHAPTER 3. 

Exercise echocardiography and technetium-99m MIBI single-photon 
emission computed tomography in the detection of coronary artery 
disease. 

MMA Pozzoli, PM Fioretti, A Salustri, AEM Reijs, JRTC Roelandt. 

Am J Cardiol 1991;67:350-5. 
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Exercise Echocardiography and Technetium-99m 
MIBI Single-Photon Emission Computed 

Tomography in the Detection of 
Coronary Artery Disease 

Massimo M.A. Pezzoli, MD, Paolo M. Fioretti, MD. PhD, Alessandro Salustri, MD, 
Ambroos E. M. Reijs, MSc, and Jos R. T. C. Roelandt, MD 

To compare the relative diagnostic value of ex~

cise ~ wi11t periusion •-•m· 
99m meto~le single-photon emis
sion computed tcmography (SPECT) m detecting 
-..nary artery disease (CAD), 75 patients willt 
suspected CAD but a normalele<:lrccmdiogram 
(ECG) at rest were induded in a prospective con-el
ative study. Bolio !he exercise echoeanliograms and 
SPECT studies were perfonned in conjunction with 
the same sympt.om-i:imited bicyde exercise test. 
"nle development of either a new wall motion ab
normality or a reversible perfusion deled after ex
ercise, or both, were regarded as a positive test for 
!he exercise ed1oc:ardiographic and SPECT studies, 
respect;vely. The results of- 2 cilagnosfie tests 
were c:ompared with -..nary arteriography. 

Exereise ~ idenlifieci3S (71%) 
and SPECT 41 (84%, p = 0.13) of !he 49 patients 
with signi!ieant CAD (defined as >50% diameter 
oteftosi•l· Twenty-live of !he 26 patients (96%) 
without significant coronary stenosis had negative 
exercise edoocardiograplaic results and 23 of 26 
(SSO,O) had negative SI'ECT .....ults. Exercise-in· 
dueed new wall motion abnotmafsties showed a 
goodCO<Te!ation with revet'sible perlusion
and !he results of !he 2 melhocls were concordanl 
in 65 of 7S patients (__,.m = SSOA>, < = 0.75 ± 
0.14). Bolio tile cilagnosfie "''"'"""'~' of exercise 
~lf and SPECT were signilicantly 
higher lhanlhe exercise ECG (81 "" 64%, p < 
0.02 and 88 vs 6<1%, p < 0.005). The ,..osilioil) 
and opedficity for detecting inc!mdual diseased 
vessels were 60 and 95% for exercise ediOC&i diog
raphy and 67 and 94% for SPECT. However, in the 
33 patients with 1-veosel disease, exercise echo
eardiography showed a lower sensitivity when com-
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pared with SPECT (61 vo 82%, p <0.02). SPECT 
was tendentialy more sensitive than exercise echo
cardiography in detecting ;.elated left cir=mflex 
coronary arle<y stenoses. 

(Am J Cardiol1991;67:350-355) 

M yocardial perfusion scintigraphy and, more re
cently. exercise echocardiography have been 
widely applied in the noninvasive diagnosis of 

coronary artery disease (CAD). Important technologic 
deo.·elopments have occurred in both techniques that 
have improved the quality of the images and thus en~ 
hanced their diagnostic value. Single-photon emission 
computed tomography (SPECT), by eliminating the su
perimposition of different myocardial regions inherent 
in planar scintigraphy, has improved the nuclear tech~ 
nique to diagnose and localize significant CAD.1- 3 The 
improvement of the echocardiograpbic equipment and 
the development of digital cine loop acqWsition systems 
have overcome some of the practical and technical prob
lems that had previously limited the application of exer
cise echocardjography.'-' Thus far, only limited data 
concerning the direct comparison of exercis-- echocardi
ography and planar 201-thallium scintigraphy are avail
ableJ.S Howe\"er, the relative value of exercise echocar
diog:raphy with a digital cine loop system versus SPECT 
imaging for the definition of CAD (for clinical decision 
making) has not been determined. We performed exer
cise echocardjography and SPECT during the same ex
ercise test in a group of patients with clinically suspect
ed CAD and a normal electrocarcliogram (ECG) at 
rest. Their relative values in identifying and \ocalizing 
sig:nificant coronary artery stenoses was the aim of this 
study. 

MEn! ODS 
5- grooo' Between August !989 and January 

1990. 169 patients primarily referred for stress per
fusion scintigraphy underwent simultaneous exercise 
ech=.rdiography and SPECT imaging in our laborato
ry. Of the 93 patients in whom coronary angiography 
was performed within 2 months of the noninvasive stud
ies, the 75 who bad a normal ECG at rest (including 
flat T waves) were selected for the current study. 

The mean age± standard deviation of the 75 pa
tients (65 men and 10 wOmen) was 52 ± 12 years. 
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Fourteen had a documented previous non-Q-wave myo
cardial infarction. At the time of the study. 27 patients 
were receiving antianginal therapy, including /3 blockers 
administered either alone (&patients) or in combination 
with nitrates or calcium antagonists (9 patients). The 
remalning 9 patients were re:ceiving calcium antagonists 
either alone ( 4 patients) or in combination with oral ni
trates (5 patients). One patient was taking digitalis. 

Exerdse test procedure: All patients underwent a 
symptom-limited upright bicycle ergometry test with 
stepwise increments of 20 W each minute. Three elec
trocardiographic leads (lead II, V2 and V s) were contin
uously monitored. The level of the ST segment was cal
culated aveclging the signal by a computerized system 
(CWliovit CSG/12, Schiller). An ischemic response 
was defined as a ~~ mm horizontal or downsloping SI 
depression persisting 80 ms after the J point.. 

sPECT imaging: Approximately 1 minute before the 
terroimtion of the exercise. 370 mBq of tecbnetium-
99m metoxy:isobutylisonitrile (MIBI) was injected into 
an antecubital vein. The exercise MIBI SPEer images 
were acquired 1 .hour after exercise. Imaging was per
formed with a Siemens Gammasonics single-head Rota
Camera (Orbiter) equipped with 37 photomultiplier 
tubes. Ya-inch Nal crystal and a low energy all-purpose 
collimator. Thirty-two projections with 6° increments 
(180° scanning) were obtained with acquisition time of 
45 seconds per projection. The digitizing matrix ( 64 X 
64 word mOO.e) was selected in the midportion of the 
camera image by using a zoom factor vrz. The tomo
graphic data were processed on a Gamma 11 computer 
system with a floating point processor. Transaxial tomo
grams were reconstructed with the commercially avail
able SPETS package (Nuclear Diagnostics AB, Hag
sten, Sweden). The direction of the left ventricular long 
axis was determined from 2 orthogonal views (anterior 
and lateral). Oblique slices (short axis) and sagittal 
slices (vertical long axis), perpendicular and parallel to 
the long axis, respectively, were reconstructed. For each 
patient studied. 6 oblique (short axis) slices were de
fmed from the apex to the base and 3 sagittal slice> 
from the septum to the lateral wall. 

For resting studies,. patients were injected at rest 
with 370 mBq MIBI ~24 hours apart from the exercise 
studies. 

Exercise ~y: Two-dimensional echo
cardiograms were obtained at rest and immediately af
ter the exercise test with the patients lying in the left 
lateral decubitus position. Multiple imaging sections, in
cluding conventional parasternal long and short axes.. 
apical 2~ and 4-chamber and apical long-axis planes 
were. used. All images were obtained with a commer
cially available echocan:liograplric system (Hewlett 
Packard Sonos 1000). The rest and exercise images 
were both recorded on videotape and digitized on~Iine 
with a Nova Microoonics PreVue Ill System (Ali 
Co.). This system all<>ws the recording at rest of l rep
resentative cardiac cycle obtained from 4 different 
views. After peak exercise. the digital system allowed 
the capture of 4 consecutive cardiac cycles for each 
view. The cycle with the best image quality could then 
be selected and displayed side by side with the COl"J"e. 
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spondent rest images. Two different quad screen for
mats. showing the images before and after exercise, 
were finally stored in a 5Y.I~inch double-sided high--den
sity floppy disk and subsequently reviewed as a continu
ous loop at various playback speeds. 

Coronary angiography: All coronary angiOg:rams 
were recorded using the Judkins technique. Significant 
CAD was visually defrned as ~50% narrowing of the 
luminal diameter of ~~ coronary arteries or of 1 of 
their major branches. 
i~tation of exen:ise echocan:iogr'aphy and 

SPECT: The analysis of the echocardiographic images 
was performed by 1 experienced observer unaware of 
scintigraphic and angiographic data. Left ventricular 
wall motion was visually evaluated and graded as nor
mal = 1, hypokinetic = 2. akinetic = 3, and dyskinetic 
= 4. A postexercise wall motion score index was calcu
lated by summing the scores assigned to each segment 
and d..iv:iding by the number of segments. By comparing 
in a side-by-side manner the rest and postexercise im
ages, an ischemic response was defmed as the develop
ment of a new wall motion abnormality in the study 
after exercise. 

To compare rest and exercise SPECT images, the 
short- and the vertical long-axis slices were used. Each 
of the 6 short-axis slices were divided into 8 equal seg
ments. yielding a total of 48 segments. The apical re
gion was assessed from the 3 central sagittal cross sec
tions, yielding a total of 51 segments. All the SPECT 
studies were interpreted by 2 experienced observers, un
aware of echocardiograpbic and angiographic results, 
using a 5-point visual scoring system (1 -= normal. 2 = 
doubtfully decreased uptake, 3 = mildly decreased up
take, 4 = severely decreased uptake, and 5 = "absence"' 
of uptake). A semiquantitative score index was calculat
ed by summing the score of each segment and dividing 
by the number of all the segments. An ischemic re
sponse was diagnosed when the stress images showed a 
significant perfusion defect (score ~3 in 2:2 contiguous 
segments), which partially or completely normalized in 
the rest images. 

In our laboratory inter- and int..-aobserver agreement 
for exercise echocardiography was 91% (.< = 0.81, stan
dard error of the mean [SEM] = 0.14) and 92% (• = 
0.84, SEM = 0.2) for exercise echocardiography and 
85% (K = 0.70, SEM = 0.23) and 90% (K = 0.8, SEM 
= 0.22) for SPECT. 

Assignment of different left ventricular region to 
specific wronary arteries: To assign the vascular terri
tories of the different coronary arteries. the 51 left ven
tricular segments,. imaged by SPECT, were combined in 
5 major regions (Figure 1). Similarly, the 14 echocar
diographic segments were grouped in the same corre
sponding ventricular regions. denoted as: anterior (seg
ments 2 and 7). posterolateral (segments 3 and 8), infe
rior (segments 4 and 9), interventricular septum, which 
was subdivided into anterior (segments 1 and 6) and 
posterior (segments 5 and 10), and apex (segments 11, 
12. 13 and 14) (Figure 2). 

For both techniques, the vascular territory of the left 
anterior descending artery included the anterior wall 
and anterior septum; the inferior wall was considered to 



short axis vertical long axis 

= 

FiGURE 1. Representation of~ emission eomput· 
ecf tUhiiO&Jap(i) imaging. The 6 short-axis and the 3 vertical: 
&ong-axd. dices were used for analy$is of the studies. The left 
ventride was cfMded into 5 major regions:: iutet vcsob icu!ar 
septum (sept.). anterior (ant.) wal, brternD (lat.) wal., inferior 
(mf.) wal anc!: apex. 

represent the vascular bed of the right coronary artery 
and the posterolateral wall of the left circumflex artery. 
The attribution of the posterior septum and of the apex 
was more flexible, depending on the coexistent abnor
malities in the adjacent regions. In case of an isolated 
apical defect, the defect was attributed to the vascular 
territory of the left anterior descending artery. 

Statisticai analysis: McNemar's test was used to as
sess the significance of the differences between sensitiv
ities. specificities and accuracies. P values <0.05 were 
considered significant. The agreement between tech
niques was defmed as the percentage of concordant di-

AP2CH 

TABLE 1 Overall Diagnostic Values for Coronary Artery 
Disease of Digital Exercise Echocardiography. SPECT and 
Electrocardiogram 

Sensitivity SpecifiCity -""" 
ECHO r 71%{35/49) 96%(25/26) 81% (61/75)1 

SPfCT 

ECG 

i [%(41/49) 

L :5% (27 I 49) 

88%(23/26) [.(65/75)' 

81%(21/26) ~%(48/75J 
• "'!) <(l.Q5; T • p <0.02; > • p <0.0()5. 
ECG • clectrocar~ SPECT • ~on~ o:::.mpute<:! tomogrn-,_ 

agnosis and it was also assessed by calculating the K 

value and its SEM. Wall motion and perfusion score 
indexes were compared using standard correlation sta
tistics. 

RESU!."I'S 
No adverse clinical consequences resulted from the 

exercise testing. Thirty-four patients (45%) attained at 
least the 85% of their age-predicted maximal heart rate. 
Angina pectoris occurred in 16 (21%) and ischemicST
segment depression in 32 patients (43%). The intervals 
between the end of the exercise and the recording of the 
frrst and the last echocardiographic images were 22 ± 
13 seconds (range 6 to 50) and 80 ± 33 seconds (range 
35 to 150), respectively. The rest echocardiograms 
showed normal left ventricular wall motion in 71 pa· 
tients; 4 patients had mild localized wall motion abnor
malities (hypokinesia of 1 or 2 segments), whereas defi
nite perfusion defects in the rest scan were found in 5 
patients. In all these patients a worsening of wall motion 
and perfusion was seen after exercise. Resting wall mo
tion and perfusion abnormalities were concordant with 

AP LAX 

FIGURE 2. The 141eft W:l'itricular seg
ments analyz:ed by ed1ocarc5ography. An
terior region comprised segments 2 and 7; 
postero!at:end, segments 3 and 8; irrferi« 
region. segrnent:s 4 and 9; posterior sep
tum, segments s and 10; anterior~ 
segments 1 and 6; apeX, seglnents 11. 
12, 13 and :14. AO = aorta; AP4CH ""ap
ical4<hamber view; AP2CH = apicall2· 
chamber view; APL..AX. = apOcal 5ong-axis 
view; LA = !eft atrium; LV = £eft ventride; 
PSl.AX = paras.tema!llong--axis view; 
PSSAX = pm-astemal short-axis 'liew; RA 
= right atrium; RV = right ventricle. 
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TABLE II Ergometric. Scintigraphic and Angiographic Data in Patients with False--Negative Exercise Echocardiography 

T""' 
from 

PC ""' %MHR Exet. to 
No. (y{) (beats/min) "' ST BB SPECT lAD LC Right '"'"" 

1 160 59 + 0 0 0 + + 0 ~ 
2 140 99 0 0 0 0 0 0 + 1:>-58 
3 160 90 0 + 0 +{PL) 0 + 0 24-114 
4 150 80 0 0 0 +(Pl) 0 0 + 32-110 
5 160 90 0 0 0 0 0 + 0 1&-83 
5 120 100 0 0 0 0 0 + 0 12-50 
7 180 70 0 + 0 0 0 + 0 H>-50 
s 140 80 + 0 0 0 +(- 0 0 30-110 
9 '140 81. 0 + + +(S.A) + 0 0 20-120 

10 160 91 0 + 0 +(I) 0 + 0 15-W 
11 140 82 0 + 0 0 + 0 0 30-120 
12 140 90 0 0 + +(Pl) 0 + 0 30-85 
13 100 64 0 0 + +(PL) 0 + 0 20-115 
14 148 60 0 + + +(PL.A) 0 + 0 15-115 

• "'!'hE' numbers. representthetme •ntervar (;econc!s) between the peJk exero:se :rd the ;,cqu~ oltneld al'd of the I.W: ~-. ror~. 
A • ~AP-~ pectort:;.; 6S • {Jblod<er:;; OiJg ~ doa&OI"IJl ~nch; e:<er. • exe.·ose; I • itdcnor; LAD • let! anlenor~artery; LC • lclt~;,rtery; MHR • 

ma>:Jmal heart rotc; MW • ma:>or"f'lal work load; OM • ~ ~ br.Jnd>: Pl. - po$te<00ter<N: Rlgrlt ~ ~ C()(()(l;)l")' ¥te<y. S - ~tat; SPECT • ~ton emiss>on 
C>:l<"l'li)Ute<!t~ST·ST~ 

+ /0 • prcsence/absenceof 31"1&l""- ST--segrnent ~.~therapy. n;s.em P<ll"fu:;>on d<.'!e<::t C()(()(l;)l")'<:tramel'er~>SO%.. 

the site of infarction in 3 and 4 patients.. respectively. 
Forty-nine patients (65%) had >50% diameter stenosi_$ 
of 2::1 of the coronary arteries; of these, 16 had a multi
ple vessel disease. Twenty-six had either normal or llOi 

significantly diseased vessels. 
SensitMty and specffidty for !he ;den!ffieation of 

coronary artery disease: The overall sensitivity. spec
ificity and accuracy of exercise ecbocardiograph:y. 
SPECT and electrocardiography in detecting CAD are 
listed in Table I. Exercise echocardiography and 
SPECT showed sensitivities of 71 and 84% (p = 0.13). 
which were significantly higher than that obtained by 
ECG ergometry (55%, p <0.05 and p <0.005, respec
tively). Among the 26 patients without significant 
CAD, 25 had normal exercise echocardiography and 23 
normal SPECT. The overall accuracies of 81% for echo
cardiography and of 88% for SPECT were significantly 
greater than by exercise ECG. 

The effect of the number of abnormal vessels present 
on the ability to obtain an ischemic response by the dif
ferent techniques is shown in Figure 3: In patients with 

> 
';; 
~"J. """" z •~cr 
w 

"' OOCG 

RGURE 3. Comparison elf tiwt ~of exerdse- ec:n.
cat tlop ¥•) (ECHO). single-photon emiuion c::ornputed to
~ (SPECT) and ~y (ECG) in p.at5ents 
with 1- and anuHivessel disease •• = p <0..()5.; ** = p = 0.02. 
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1-vesset disease. SPECT showed a greater sensitivity 
than exero.se echocardiography (p <0.05)- In patients 
with multiple vessel disease,. 15 and 14 of 16 were iden
tified, respectively. as ischemic by exercise echocardiog
raphy and SPECT. Table II summarizes the ergomet
ric; scintigraphic and angiographic data in the 14 pa
tients with falsc>negative echocardiographic results. 
Nine of these had negative ECGs and 7 also had false
negative SPEer. A !-vessel disease was found in 13 
patients and only 1 patient had multivessel disease. 

Agreement betw..., echocan5ouaohY and SPECT 
for the cfaagnosis of iscbemia: Figure 4 shows the rela
tion between th6 final diagnosis provided by exercise 
echocardiography and SPECT. Sixty-five of75 patients 
were concordantly classified (agreement = 88%. x. ± 
SEM = 0.75 ± 0.14). In the 35 patients with ischemic 
response detected by the 2 methods, wall-by-wall com-

ECHO 

r 
0 
w 
~ 

"' 

F1GURE4..~between0xercise~ 
(ECHO) and dnpe j:)hoto;111!mission c:cmpu2ed toonopapla) 
(SPECT) in diagnosing ischemia. 



TABLE IU Detection of Jndtvidual Coronary Artery Stenoses with Exercise Echocardiography and SPECT 

Echocardrography SPECT 

SenSitrvlty Specrt1oty AcCI.Jracy Sensitivity Speoficity ""'"""" 
Tot:Jl 60(42/70) 95{146/155) 84(188/225) 64(47 /70) 94(145/155) S5(192j225) 
lAO 69 (20/29) 98(45/46) 87 (65j75) 
LC 45(11/24) 96(49/51) 80(60/75) 
Right 65(11/17) 89(52/SS) 84(63/75) 

'I.JII.'C'S ;ye e><P<e<.-YX! !)<; percentJr,c 3nd J~ ~t>solute number.; 
Abb<ev~JtiO<!::;"" ,~ T .:>tile II 

parison of transient wall motion and perfusion defects 
demonstrated a complete correspondence in 28. a par~ 
tial correspondence in 5 and no correlation in 2. When 
the exercise ~-all motion and perfusion scores indexes 
were compared, they were positively correlated (r = 
0.75; p <0.001). 

Localization of individual coronary artery stenoses: 
The detection of individual narrowed arteries by each 
technique is presented in Table III. Exercise echocardi
ography correctly identified 42 of the 70 stenosed arter
ies (60%) and 146 of the 155 normal vessels (95%). 
SPECT correctly identified 47 of the 70 stenosed arter
ies (67%) and 145 of the 155 normal vessels (94%). 

Figure 5 shows the comparison of the sensitivities for 
individual lesions in patients with 1-vessel disease. In 
this subset. only 5 of 13 left circumflex lesions were de
tected by exercise echocardiography, whereas SPECT 
correctly identified 10 of them (p = 0.07). In contrast, 
both techniques showed a similar ability to predict left 
anterior descending and right coronary artery stenoses. 

DISCUSSION 
This is the f:trst study in which exercise echocardiog

raphy and technetium-99m SPECT imaging have been 
simultaneously tested to detect the presence of CAD in 
a large group of patients with a normal ECG at rest. 
The main fmdings of this study are ( 1) that stress echo
cardiography and SPECT have a good agreement and 
have a similar diagnostic accuracy. which is superior to 
that of exercise electrocardiography (Table I), and (2) 
that SPECT is only slightly superior to exercise echo-

CECHO 

BS?ECT 

F1GURE 5. Detedion of individual coronary arteey stenosis by 
·exercise cdoocao o:Sography (ECHO) and ~on emis
sion computed tomogc apli) {SPECT} in pat:ient:5 with 1-ves:sel 
disease. LAD= idt anterior desc o&oog artery; t.CX =left cir• 
cumfiex artery; RCA= right~ arlef'J'. 

66(19/.29) 96(44/46) 84(63/75) 
67 (16/24) 96(49/51) 87 (65/75) 
70(12/17) 89(52/58) 85(64/75) 

cardiography in detecting !-vessel disease in patients 
v.ith a stenosis of the left circumflex coronary artery 
(Figure 5). 

In a study by Maurer and Nanda. 7 exercise echocar
diography and planar thallium-201 scintigraphy were• 
performed in a group of patients referred for coronary 
arteriography. The tests provided a sensitivity of 83 and 
78%, respectively. They found a sensitivity for exercise 
echocardiography that was better than in our study (83 
vs 71%), whereas our SPECT results had a similar sen
sitivity when compared with planar scintigraphy used in 
their study (84 vs 78%). However, the results of these 
studies are difficult to compare directly because of dif
ferent patient selection: our patients were primarily re
ferred for stress scintigraphy, whereas patients in the 
other study were primarily referred for coronary arteri
ography, and more severe CAD may have been present. 
This can account for the slightly better results of exer
cise echocardiography relative to perfusion imaging in 
the study by Maurer and Nanda. Similar results have 
been reported by other investigators.4·:5.9 Recently, Ryan 
et al, 6 in patients with chest pain and normal left ven· 
tricular wall motion at rest. found a sensitivity of 78% 
and a specificity of 100% compar':'>; with lesions of 
>SO% on coronary arteriography. In addition. these in~ 
vestigators found the lowest sensitivity in patients voith 
1-vessel disease of the left circumflex coronary anery, 
which is consistent with our fmdings. Furthermore, the 
use of antiischemic drugs may reduce the sensitivity 
of both perfusion scintigraphy and stress echoca.rdi
ography. 10.11 

We found that SPECT has higher sensitivity than 
echocardiography in detecting patients with 1·vessel dis
ease. Transient perfusion defects may occur early and 
do not always lead to a wall motion abnormality. The 
latter results when more pronounced iscbeqria is pres
ent. Thus, exercise echocardiography may be negative 
when a perfusion defect is detected, which may explain 
its lower sensitivity. In some patients, "'a.IJ. motion atr 
normalities recover very rapidly after the cessation of 
exercise, which may further explain a lower sensitivity 
of stress echocardiography. because its acquisition is 
done in the immediate postexercise phase and not at 
peak excrcise. 12 

In contrast to patients with !-vessel disease, echocar
diography and SPECT had a similar diagnostic efficacy 
in patients with multiple vessel disease. Moreover. in 
this study few patients with multiple vessel disease were 
included and therefore the results cannot be considered 
conclusive. 
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Study funitations: Our patients were referred for 
scintigraphy for a variety of reasons. such as a nondiag
nostic electrocardiographic exercise test, the localization 
and quantification of ischemia, and the assessment of 
the functional significance of the coronary stenosis be
fore intervention. Thus. the results cannot be directly 
compared with patients selected on the basis of other 
criteria. Second, both exercise echocardiography and 
SPECT studies were visually analyzed. Although the 
quantitative analysis of exercise echocardiograms is 
hampered by technical difficulties, its application to 
SPECT has enhanced its diagnostic power.l 

In conclusion, exercise echocardiography and 
SPECT, directly compared in a series of patients with a 
normal ECG at rest. pro'ojde similar overall information 
for the noninvasive diagnosis of CAD. A strong correla
tion between the 2 techniques for identifying localizing 
and quantifying ischemia was found. SPECT imaging. 
however, appears to be superior to exercise echocardiog
raphy in patients with l-vessel disease, particularly of 
the left circumflex coronary artery. 
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CHAPTER 4. 

Relationship between exercise echocardiography and perfusion single
photon emission computed tomography in patients with single-vessel 
coronary artery disease. 

A Salustri. MMA Pozzoli. W Hermans, B Ilmer, JH Cornel, AEM Reijs, 
JRTC Roeland!, PM Fioretti. 
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Relationship between exercise 
echocardiography and perfusion single-photon 
emission computed tomography in patients 
with single-vessel coronary artery disease 

The aim of this study was to assess the relative value of exercise echocardiography and 
perfusion single-photon emission computed tomography (SPECT) in identifying the presence and 
severity of coronary artery stenosis. Accordingly, 44 consecutive patients with stenosis in one 
vessel perfonned simultaneous postexercise echocardiography and perfusion SPECT {with either 
thallium~201 [n = 19] or 99m·Tc~methoxyisobuty! isonitrile [n = 25]) in conjunction with 
symptom-limited bicycle exercise testing. Positive test results were based on the presence of 
new or worsened exercise-induced wall motion abnormalities and transient perfusion defects, 
respectively. Moreover, an "ischemic" score index was derived for semiquantitative assessment 
of both echocardiography (with a 14·segment model of left ventricular wall on a 4-point scale) 
and SPECT {47·segment model on a S·point scale). AI! patients underwent correLative coronary 
arteriography, assessed by digital caliper. Significant coronary artery disease (diameter stenosis 
::=:SO%) was present in 30 patients. There was a good overall concordance between the two tests 
in terms of result (79%); compared with patients with positive results of both tests, in the seven 
patients with positive SPECT and negative echocardiography the time of recording 
echocardiographic images was longer (p = 0.05). When analyzing patients according to the 
percent diameter stenosis (>700/o, 50% to 70%, and <50%) for both echocardiography and 
SPECT, the prevalence of an ischemic response was directly related to the severity of the 
coronary stenosis (p < 0.001); moreover, a negative test result was highly predictive of a 
cf~ameter coronary stenosis less than 70%. A fair correlation was found between percent 
<f;.ameter stenosis and both ischemic wall motion and perfusion score indexes (r = 0.62, 
p < 0.001; r = 0.51, p < 0.001, respectively). !tis concluded that in patients wrth single-vessel 
disease (1) there is a high concordance between exercise echocardiography and SPECT in terms 
of an ischemic response, and (2) with both methods the probability of an ischemk: response is 
related to the severity of coronary stenosis. (AM HEART J 1992;,24:75.) 

Alessandro Salustri, 1-ID;a Massimo M.A. Pezzoli. MD, Walter Hermans. ~ID, 
Ben Ilmer, MD,b Jan H. Cornel, MD, A.mbroo$ E. M. Reijs, MSc, 
Jos R. T. C. Roelandt, :MD. and Paolo M. Fioretti, MD. Rotterdam, Th~ Netherlands 

Recently, cardiac ima.,<>i.ngwith echocardiography1•11 

or scintigraphy12•24 in conjunction v.-ith exercise or 
pharmacologic stress has been used for the noninva
si\·e diagnosis of coronary artery disease. However, 
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only a few studies have been performed to compare 
the relative efficacy of the two tests. for the diagnosis 
of the presence 3n:d severity of coronary artery 
disease, and in these studies the a._.-sessment of coro
nary arteriography was limited to a visual judg
ment. 25-2'7 Fin:illy. these studies included heteroge· 
neous groups of patients, an important limitation in 
determining the functional importance of coronary 
stenosis that could be eliminated by excluding pa
tients with multiple-vessel disease. Therefore the 
aim of this study was to establish the correlation be· 
tween exercise echocardiography and perfusion sin· 
gle-photon emission computed tomography (SPECT) 
in terms of'•ischemic'' response in a selected group 
of patients with single· vessel disease. In addition, we 
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Fig. "1. Diagrammatic representation of SPECT imaging. 
The six short axes and three vertical long axes were used 
for analysis of the studies. The left ventricular wall was di
vided into five major regions: interventricular septum 
(sept), anterior wall (ant), lateral wall {lat), inferior wall 
(inf). and apex. 

aimed to correlate the results of_tbe two tests to the 
degree of the stenosis evaluated by .caliper. 

METHODS 

From August 1989 to July 1990, 207 patients underwent 
simultaneous exercise echocardiography and SPECT at 
the Tboraxcenter. We selected 44 patients with evidence of 
single-vessel disease on coronary angiography performed 
within 2 weeks of the noninvasive tests. Inclusion criteria 
were (1) isolated stenosis or luminal irregularity of one 
coronary artery or its major branches; (2) no Q-wave my
ocardial iniarction., cardiac surgery, valvular heart disease, 
or cardiomyopathy; (3) no unstable angina; and (4) good
quality exercise echoca.rdiograms. One patient was ex
cluded because of poor-quality echocardiograms, whereas 
no patient was excluded for a poor SPECT imaging. Indi
cations for noninvasive testing included the evaluation of 
the physiologic significance of coroilazy stenosis noted on 
angiography (n. = 15), systematic follow-up 6 months after 
percutaneous trsnslum.in.al coronruy angioplasty (n = 17), 
and evaluation of chest pain (n = 12). Although the pa
tients were drawn from a large group, they represent a 
consecutive series meeting the above requirements. 

Exercise testing.. The patients performed a symptom
limited exercise test on a bicycle ergometer with stepwise 
increments of 20 W /min. Blood pressure was measured 
every 2 minutes by the cuff method. The ECG was moni
tored continuously Oeads TI, V2, and V5) and recorded (12 
leads) at rest and every minute until the end of the recov
ery phase. A computer-assisted system (Cardiovit CSG/12; 

-Schiller. :&ar. Switzerland) analyzed the QRS complex 
after signal averaging. Horizontal or downsloping ST seg-
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ment depression of 1 rom or greater occurring 80 msec after 
the J point was considered diagnostic of ischemia. Twen
ty-five patients exercised to 85% or greater of their ex
pected maximal heart rate, corrected for age and gender;36 
patients reached an adequate exercise end point, defined as 
the development of typical angina, ST segment depression. 
or achievement of85% or greater of the maximal predicted 
heart rate. 

SPECT imaging. At peak exercise, either 370 MBq 99m
Tc-rnethoxyisobutyl isonitrile (MIBI) (n = 25) or 111 MBq 
thallium·201 (n = 19) was injected intravenously. The pa

tient continued to exercise for another 1 to 2 minutes. 
When thallium-201 was administered, imaging was started 
within 10 minutes .and repeated 4 hours after the injection. 
Stress MIBI SPECT images were .acquired 1 hour after ez:
ercise. For resting studies. patients were reinjected with 
370 MBq 99m-Tc-MIBI at least 24 hours after stress stud· 
ies. All the images were acqu.ixed by Siemens G.ammason
ics single-head Rota Camera {Orbiter; Siemens Corp .• Ise
lin. N.J.) equipped with 37 photomultiplier tubes,. a J/3-inch 
Nal crystal, and a low-energy, all·purpose collimator. 
Tbirty-tvm projections were obtained, from left posterior 
oblique to right anterior oblique, with an acquisition time 
of 45 seconds per projection. The digitizing matrix (64 X 64 
word mode) was selected in the midposition of the camera 
image, with a zoom factor of -./2. A Gamma 11 computer 
system with a floating point processor was used to process 
the tomographic data. Transa::rial tomograms were re<:on
structed with the SPETS software package (Nuclear Diag
nostics AB, Hangsten. Sweden). From the three-dimen
sional data, oblique (short axis) and sagittal (vertical long 
axis) slices, perpendicular .and parallel to the long axis, re
spectively, were reeonstructed. For each study, six oblique 
slices were defined from the apex to the base and three 
sagittal slices from the septum to the lateral walL To coro
pare the stress and rest studies, each of the six short-axis 
slices was divided into eight equal segments. The septal 
part of the two basal slices (four segments) was not evalu. 
a ted, because this region corresponds to the fibrous portion 
of the interventricular septum and normally e::tbibits 
reduced uptake. The apical region was assessed from the 
three central sagittal cross sections. A total of 47 segments 
per patient were analyzed. All tomographic views were re
viewed in side-by-side pairs (stress and rest) by the same 
experienced observer, who was unaware of the patient's 
clinical history or tbe results of stress echocardiog:raphy or 
coronary arteriography. The myocardial uptake of ra
diotracer was evaluated visually with a five-point scoring 
method (0 = normal, 1 = slightly reduced uptake, 2 = mod
erately reduced uptake, 3 = severely reduced uptake, and 
4 =absence of uptake) ... Ischemia"was defined as a perfu. 
sion defect during exercise that partially or totally resolved 
at rest in at least two contiguous segments or slices. Perfu
sion score indexes were calculated by averaging the scores 
for all segments for both the stress and rest studies. An is
chemic score index was generated from the difference be
tween stress and rest indexes. 

Echocardiographic imaging. Tw"o-dimensional eeho
cardiogra.phy was performed by an experienced cardiolo-
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Fig. 2. Regional left ventricular wall segments in the 14-segment modeL Five major regions were consid
ered: interventricular septum (segments 1. 5, 6, and 10), anterior (segments 2 and 7), posterolateral (seg
ments 3 and 8). inferior (segments 4 a..'ld 9), and apex (segments 11, 12, 13. and 14). AO, Aorta: AP 2CH, 
apical two-chamber view. AP 4CH. apical four-chamber view; AP LAX, apical long-a.-cis vie""'; LA. left 
atrium; LV,lefr ventricle; PS LAX. j::lar&:.'ternallong-axis view; PS SAX, parasternal short-axis view; RA. 
right atrium; R V, right l.'entricle. 

gist and recorded in the left lateral decubitus position at 
rest and immediately after exercise, v;"ith a commercially 
available system (He~•lett Packard Sonos 1000; Hewlett
Packard Co., Palo Alto. Calif.) equipped v;"ith 3.5 and 2.5 
MHz transducers. All standard views were obtained at rest, 
and "the transducer po:;itions were marked on the chest wall 
to permit quick and comparable postexercise imaging. On 
reaching the exercise endpoint. patients resumed the rest
ing position and stre:;:; echocardiograms were obtained. 
Post-exercise imaging w:lS completed within 35 to 180 sec
onds. The four standard apical and parasternal views were 
obtained in3S patients. where:lS in 6 patients only the api
cal views were obtained. In fol.ll" of these patients the per
fusion scintigraphy was positive, whereas echocardiograms 
were negative for ischemia. All the studies were recorded on 
"ideotape. In addition. we employed a No\'<1 Microsonics 
System (PreVue III. )\ova Microsonics, Mahwah. N .. J.) for 
digital recording and data storage. This s:,.ostem captured 
eight consecutive echocardiographic images on-line, with a 
sampling interval of 50 msec. One representative cardiac 
cycle obtained from each of four different Yiews (generally 
parnsternallong-axi..--. short-a.-cis at papillary muscle leYel, 
ru\d apical four- and two-chamber views) was recorded at 
rest and served as rf'ference for the evaluation of subse
quent changes. After exercise. the digital system :lllowed 
capture of four con:;e.cutive cardiac cycles for each view. 
The cycle with the hi,.<>hest image qu:llity was then selected 

and displayed side by side with the corresponding rest cy
cle. Finally. two different quad-screen formats, showing the 
rest and stress images, were stored on a 5 1!i -inch double
sided. high-density floppy disk for further re-."iew as a con
tinuous loop at different playback speeds. All the eehocar
diograms were reviewed, and a consensus was achieved. by 
two observers who had no knowledge of the SPECT results 
or angiographic data. The left ventricular wall was di-."ided 
into 14 segments as described by Edv.-ards et al.2S Systolic 
wall thickening and inward wall motion were evaluated vi
sually. Each segment was graded on a four-point sco~ng 
system (1 = normal, 2 = hypokinetic, 3 = akinetic. and 
4 =dyskinetic). Anew or increased w:lll motion abnormal
ity after stress was considered an ischemic response. A glo
b<tl wall motion score index was derived by dividing the to
tal score by the number of the segments for both rest ;md 
stress st-..:.dies; an ischemic score index was calculated from 
the difference between stress and rest indexes. In our lab
oratory, interobserver and intraobserver variability for 
exercise echocardiography has been found to be mini
maLZi 

Assignment of different rett ventricular regions to 
specific coronary arteries. We attempted to identify the 
specific coronary artery involved from the location of per
fusion defects a."ld wall motion abnormolities. For this 
purpose, the 47 segments imaged by SPECT were com
bined in five regions (Fig. 1). Septal and anterior segments 
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Table I. Clinical data in the group of patients 

Ar;e (yr) 
Gender C\1/F) (n) 
Previous non-Q-wave r.::r.yocardiul 

infarction (n) 
&diotrucc-r (n) 
P'-Blocker therapy (nl 
~SS% predicted mJ.:cimal heurt 

rote (n) 
Coronary artery d~a..-<e {n) 

59 :l: 9 (37 .;-;-) 
35/9 
16 

201-TI 19/MIBI 25 
15 
25 

<o Diamr:t.-:r stenosis 

~so <50 
15 6 
8 5 
7 3 

L·W, Lo:it anterior d~ndin~ art~ry; RCA, ril:ht e<>ronruy artery; LC. l~ft 
circumflex arrery. 

were considered to correspond to the left anterior descend
ing artery, inferior segments to the right coronary artery. 
and lateral segment:; to the left circumflex artery. \Vhen 
perfusion defects OYerbpped these boundaries, defects 
found primarily in one territory that did not extend signif
icantly over the border of another territory were considered 
to represent one lesion. The 14 echocardiographic segments 
were similarly categorized: anterior (segments 2 and 7), 
lateral (segments 3 and 8). inferior (segments 4 and 9), in
ten·entricular septum (segments 1, 5, 6. and 10). and apex 
(segments 11, 12, 13, and 14) (Fig. 2). The interventricular 
septum and anterior wall were attributed to rhe left ante
rior descending artery distribution, the lateral wall to the 
left circumflex artery. and the inferior wall to the right 
coronary artery. For both methods the attribution of the 
apex abnormalities was flexible, depending: on coexistent 
abnormalities in adjacent regions. 

Coronary arteriography. Selective coronary arteriogra
phy was performed in multiple viev.-s according to the .Jud
kins technique. Coronary cineangiograms were nnal::-rzed 
with a person::J com purer-based coronary analysis system 
·••;:ith a manu::J caliper program in its basic configuraTion. 
For this purpose, the cinefilm was mounted on a standard 
Tagarno 35 CX projector (Tagarno, Horsens. Denmark) 
with built-in video camera. A selected cineframe was then 
converted into video format. digitized at a resolution of 512 
by 512 by 8 bits, and displayed on a video monitor. For c::J
ibration, a region of interest around the catheter tip was 
selected with the mollie of the system, magnified twofold 
with linear interpolation. and displayed on the v-ideo mon
itor for subsequent measurements. Next the user indicated 
with the mouse three pairs of points at the sides of the 
magnified catheter sep:nent. The average value of the 
measured width expressed in pixels was compared with its 
true size (in millimeters), resulting in a calibration factor 
in millimeters/pixel. Then the arterial segment to be ana
lyzed was magnified twofold and interpolated linearly, the 
user defined the obstruction, and the reference diameter 
stenosis was calculated. The percentage stenosis was ob
tained by averaging the values obtained in at least two 
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views including the oblique views. The length of the steno
sis was not taken into account in this study. A stenosis was 
considered "significant" when it was equal to or greater 
than 50~. · 

Statistical analysis. Data are presented as mean values 
:!: SD. when appropriate. Specificity, sensitiviTy. and pre
dictive accuracy relied on standard definitions. The xz test 
and Fisher's exact test were used to compare differences 
between proportions. Corrcbtion between ischemic perfu
sion, wall motion score indexes. and stenosis severity were 
sought by regression analysis. The Student t test was used 
for analysis of cont:inuous dnta. A p < 0.05 was considered 
st:ntistically significont. 

RESULTS 

Some baseline clinical data and the findings on 
coronary arteriography are reponed in Table I. 

Exercise echocardiography and SPECT results. The 
results of exercise ECG. echocardiography, and 
SPECT. according to the location of wall motion ab
normalities and perfusion defects. both at rest and 
after stress, and the angiographic data are displayed 
in· Table II. "Fixed" perfusion defects without corre
sponding wall motion abnormalities at rest were 
found in seven patients: in five patients a reversible 
perfusion defect in the same area was also present on 
thallium-201 scintigraphy. In two patients wall mo
tion abnormalities at rest without worsening after 
stress were detected in the territory supponed by a 
coronary stenosis with a diameter greater than 50 SC. 
in the presence of normal perfusion. 

When the positivity of stress echocardiograms and 
SPECT was defined as new wall motion abnormali
ties or transient perfusion defects. the concordance 
between the two tests was 79%. Twenty patients 
(45%) had a concordant positive stress echocardio
gram and SPECT, and 15 (34%) had concordant 
negative test results. Seven patients {16:'C) had pos
itive SPECT and negative echocardiograms. In four 
of these patients only apical echocardiographic vie\\'S 
were obtained. Right coronary artery stenosis was 
found in four and left circumflex stenosis in three of 
these patients. Compared with patients with positive 
results in both tests. in these seven patients the time 
of recording the first and last echocardiographic im
ages from the end of exercise was longer (53 ± 45 vs 
24 ± 10 seconds. [p = 0.01]; 121 ::!: 43 vs 85 ± 29 
seconds [p = 0.05]), but the mean ischemic perfusion 
score index was not different (0.25 :: 0.15 vs 
0.37 ± 0.24 seconds: difference not significant). Only 
two patients (55() had positive echocardiograms with 
negative SPECT: both had left anterior descending 
artery stenosis (48S"C and 67~ diameter stenosis, re
spectively). 

The overall sensitivity. specificity. and diagnostic 



Table II. Results of exercise echocardiography and SPECT with correlative findings on coronary angiography 

Exercise test SPECT Echocardiography Angiography 

Pt. Isotope Ml bB AP ST Rest Stress Rest Stress Vessel DSt (<;c) 

1 .MIBI + + + LAD LAD LAD 100 
2 MIBI + LAD LAD LAD 100 
3 MIBI + + LC LC LC LC 100 

MIBI + + LC LC LC LC 87 
5 201-Tl + + + + LC RCA LC 8'7 
6 MIBI + + LAD LAD LAD ., 
7 MIBI + RCA RCA RCA 80 
8 201-Tl + + + LAD LAD LAD " 9 201-Tl + LC LC RCA 75 

10 201-Tl + + + + LC LC!LAD RCA 74 
11 20l~Tl + + LAD LAD LAD 74 
12 201-Tl + RCA RCA LC RCA 73 
13 201-Tl RCA RCA 70 
14 MIBI + + LAD LAD 67 
15 111BI + LAD LAD LAD 65 
16 201-Tl + + + LAD LAD LAD LAD LAD 64 
17 201-Tl + + LC LC 62 
18 201-Tl + + LC LC LC LC 61 
19 201-Tl + + + LAD L.'\D LAD LAD 61 
20 201-Tl + RCA RCA RCA RCA 59 
21 MIBI + + LAD/RCA RCA LAD RCA 59 
Z2 201-Tl + RCA LC 59 
23 201-Tl + RCA RCA 58 
24 201-Tl + LAD 58 
:25 201-Tl + + LAD LAD LAD LAD 57 
26 MIBI + LAD LAD LAD 55 
27 MIBI + LAD L'\D LAD 54 
2S MIBI RCA LC LC 53 
29 201-Tl + + LAD 52 
30 MIBI + LAD LAD LAD 52 
31 MIBI + LAD/RCA LAD LAD 49 
32 MIBI LAD LAD 48 
33 M!BI + + LAD ·18 
3.: MIBI + LAD 47 
35 MIBI + + RCA LC 43 
36 MIBI LC 41 
37 201-Tl + LAD 40 
36 201-Tl + LAD 37 
39 M!BI : RCA 35 
40 MIBI LC 34 
41 MIBI RCA 32 
42 M!BI + RCA RCA 30 
43 MIBI LAD/RCA RCA 22 
44 MIBI RCA RCA 21 

AP. Angina pectOris; bB. P-b!ockcr tb~rapy; DSt, diam~tcr sknosi_q; MI, pr_.viou..~ non-Q-wnv" myocardinl infaiction; ST. ST ~ent d<:pre»-ion; MIBI, 
m<:'tboxyisobutyl isonitril"; Tl. thallium; r~maininp; abbr"'-iation.~ a~ in Tab!" I. For both SPECT and ~ocmdiography, the site ofpcrim;ion d~fect.~ or wull 
cotion abnonnal.ities is a'<Signcd to the COl'Tl'Spondinp; ~~ifk corOn;J.r)' m1:.cry, ns dcoeribed in the text. 

accuracy for detecting coronary artery disease (with overall sensitivity and specificity was found when 
a diameter stenosis =<::50% as .. gold standard") by patients were analyzed separately according to the 
ECG, echocardiographic, and scintigraphic changes attainment of 85% or greater of the maximal pre-
are summarized in Table III. The trend toward dieted heart rate, the presence of previous non:..Q-
higher sensitivity of SPECT was counterbalanced by wave myocardial infarction, /3-blocker therapy, or the 
an opposite trend in specificity, so predictive accu- radiotracer used. 
racy was the same. No significant difference in the The ability of exercise echocardiography and 
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Table Ill. Overall sensitivity, specificity, and diagnostic ac-
curacy for detecting coronary artery disease with a diam-
eter stenosis of 50% or greater 

~ 

Diagnostic 
Sensitivity Specificity accuracy 

% n % n % n 

ECG 63 19/30 93 13/14 72 32/44 
Echocardiography 

NWMA 66 20/30 85 12/14 72 32/44 
NWMA or rest- 86 26/30 85 12/14 86 38/44 

ing W11A 
SPECT 

TPD 76 23/30 71 10/14 75 33/44 
TPD or rest- 83 25/30 64 9/14 77 34/44 

ingPD 

NWMA, };ew wall motion nbnormaliti<'!<; TPD, transi\'nt perfusion defects. 

SPECT to identify the location of individual coro
nary artery lesions is displayed in Table IV for each 
major coronary artery and for the left circumflex and 
right coronary arteries combined. Among 15 patients 
with left circumflex or right coronary artery stenosis 
of 50% or greater, the site of the stenosis was errone
ously attributed to the contiguous vascular territory 
in seven (in four patients by echocardiography and 
four patients by SPECT). The results are much bet
ter when the territories of the right coronary artery 
and left circumflex artery were merged, partially 
avoiding the problem of their overlap. 

Correlation of exercise echocardiography and SPECT 
with the severity of coronary stenosis. The effect of se
verity of stenosis on the detection rate of lesions is 
displayed in Fig. 3. From Fig. 3 it is seen that the 
prevalence of an ischemic response was related 
strictly to the severity of the coronary stenosis 
(p < 0.001). All the lesions with a diameter stenosis 
greater than 70% were identified by SPECT, whereas 
echocardiography identified 11 of 12 patients (100% 
vs 91%: difference not significant). Of the 18 patients 
with coronary stenoses of intermediate severity (di
ameter stenosis 50% to 70% ), scintigraphic ischemia 
was present in 11 and echocardiographic ischemia in 
9 (61% ·vs 50%; difference not significant). In the 
group with nonsignificant coronary stenosis, four pa
tients had positive SPECT and two had positive 
echocardiographic results (28% vs 14%; difference 
not significant). The two patients with false-positive 
responses on echocardiography had a left anterior 
descending artery stenosis of 49% and 48%, and in 
one patient a transient perfusion defect was also 
found. 

The relationship between ischemic perfusion score 
index and ischemic wall motion score index is shown 
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Table IV. Sensitivity and specificity of exercise echocar-
diograpby {new wall motion abnormalities) and SPECT 
{transient perfusion defects) for detection of stenosis of 
50% or greater for individual corona!Y arteries 

Echocr.vdiography SPECT 

Sensitivity Specificity Sensitivity Specificity 

% n % n % n % n 

LAD 73 11/15 39 26/29 66 10/15 93 27/29 
RCA 25 2/8 97 35/36 62 5/8 83 30/36 
LC 42 3/7 91 34/37 57 4/7 94 35/37 
RCAJLC 60 9/15 100 23/29 86 13/15 86 25/29 

Abbreviation.~ m~ in Table I. 

in Fig. 4. Despite the different left ventricular seg
mentation and scale grading used, a good correlation 
between the two ischemic score indexes was found 
(r = 0.709;p < 0.001). The relationships between the 
amount of myocardium at risk (as assessed by the is
chemic score indexes) and the severity of coronary 
artery stenosis (expressed as % diameter stenosis) 
are represented in Figs. 5 and 6. Moreover, in patients 
with either a positive exercise echocardiography or 
SPECT result, the mean value of ischemia index was 
higher in patients with 70% or greater than in 
patients with less than 70% diameter stenosis 
(0.50 ± 0.21 vs 0.27 ± 0.10 [p < 0.005]; 0.46 ± 0.27 
vs 0.24 ± 0.12 [p < 0.01], respectively). 

DISCUSSION 

In recent years, exercise echocardiography has 
been proposed as a feasible, safe, and low-cost alter
native to scintigraphy.1•9 However, in most of these 
studies the results of exercise echocardiography have 
been validated by visual estimates of severity of 
stenosis. There are very few studies addressing the 
comparative value of the two tests in the diagnosis of 
myocardial ischemia and coronary artery disease. 25-2i 

This is the first study in which exercise echocardi
ography and SPECT were applied simultaneously 
and their results compared with the percent diame
ter stenosis assessed semiquantitatively. The main 
results of this study can be summarized as follows: (1) 
The agreement between exercise echocardiography 
and perfusion SPECT imaging (in terms of response 
and severity of ischemia) is very high. (2) The prob
ability of an ischemic response on exercise echocar
diography or SPECT is dependent on the severity of 
coronary stenosis when assessed as percent diameter 
stenosis; particularly, a negative test result is highly 
predictive of a diameter coronary stenosis less than 
70%, with both methods. (3) There is a fair correla-
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Fig. 3. Prevalence of a positive results on e:tercise electrocardiography (ST ), echocard.iography (echo). or 
SPECT in subgroups of patients with different severity of coronary artery stenosis (5;; DSt). 

tion between the severity of coronary artery stenosis 
and the severity of myocardial ischemia. 

We have already assessed the diagnostic value of 
exercise echocardiography and perfusion 99m-Tc
MIBI SPECT in the detection of coronary artery 
disease in a group of patients with normal ECG at 
rest.Zl However, in that study patients with multiple
vessel disease and patients with stenotic lesions of 
less than 50% were also included. In contrast to our 
previous work, this study includes only patients with 
lesions limited strictly to one major vessel, and the 
severity of the lesion was graded on a continuous 
scale by the caliper technique. 

The overall sensitivity and specificity of both 
exercise e<::hocardiograpby and SPECT are appar
ently not optimal However, we like to underscore 
that our study group included only patients with sin
gle-vessel disease, and most were taking medication, 
both factors reducing the sensitivity of any d~onos
tic test compared with patients with multiple-vessel 
disease or not taking medication. Also the specificity 
could appear suboptimaL However, we should re
member that this study included patients with a 
continuous spectrum of coronary stenoses and we di
chotomized the group according to a cutoff of 50% 
diameter stenosis. It is therefore likely that some pa
tients with angiographic ''subcritical stenosis" were 
uncorrectly defined as having false-positive results, if 
the hemodynamic sequela of such a lesion was greater 
than predicted based on its angiographic appearance. 

In this study the disagreement between exercise 
echoeardiography and SPECT was infrequent and 
mostly the result of patients with positive SPECT 

EXERCISE WALL MOTION VS SPECT PERFUSION 
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Fig. 4. Correlation between echocardiographic and scin
tigraphic indexes of exercise-induced myocardial ischemia. 
A significant correlation was observed (p < 0.001). WMSI. 
\VSll motion score indeL 1 

and negative echocardiograms (Fig. 3). This finding 
could be related to multiple factors such as (l) the 
site and extent of myocardial ischemia; (2) the rapid 
recovery of myocardial ischemia after termination of 
exercise; and (3) maldistribution of flow, rather than 
true ischemia. It has been reported that wall motion 
abnormalities can persist for an extended period of 
time3; however, some individuals show a very rapid 
recovery of the wall motion changes after bicycle ex-
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Fig. 5. Correlation between ischemic wall motion score 
index (WMSI) and stenotic percent diameter (o/cDSt). A 
significant correlation was found (p < 0.001). 

ercise. Therefore postexercise imaging will fail to 
identify some patients with a limited amount of 
ischemic myocardium who exhibit rapid resolution of 
exercise-induced wall motion abnormalities. Addi
tion of echocardiographic imaging at peak exercise 
could enhance the sensitivity for the detection of 
coronary artery disease v.-:ith exercise echocardi
ography.29·30 Our findings suggest that inability to 
record short-a.tis v.iev.'S at mid-papillary muscle level 
or a delay in acquiring postexercise imaging play a 
critical role in determining these false-negative 
echocardiographic study results. These patients 
tended to have a smaller ischemic zone than had pa
tients with positive results to both tests. Accordingly, 
maldistribution of flow without real ischemia is un
likely to explain all the discrepancies between 
echocardiographic and scintigraphic findings. 

Comparison of the extent of ischemic region with se
verity of coronary stenosis. Analysis of scintigraphic 
and echocardiographic images showed that the 
amount of jeopardized myocardium was correlated 
directly when evaluated by the tv. .. o ischemic indexes, 
despite the different left ventricular segmentation 
and scoring system used. With both methods, the ex
tent and severity of myocardial ischemia was greater 
in patients with severe (>7050) than in patients with 
less severe ( <70%) coronary artery stenosis; how
ever, in the individual patient the score is not help
ful to predict the severity of coronary stenosis, 
because of a considerable scatter of data when 
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percent diameter stenosis is related to ischemic score 
indexes. This is not an unexpected finding, because 
the population in this study represents a broad spec
trum of single-vessel dise~e. with coronary artery 
stenosis in different vessels and different sites of the 
same vesseL 

Limitations of the study •• -\ potential limitation of 
this study is that two different radiotracers were used 
for perfusion studies. It is well known that thallium-
201 imaging can result in fixed perfusion defects in 
the absence of scar. caused by late redistribution31; 

this could decrease the prevalence of ischemic re
sponses. In this study the si..." patients with fixed de
fects on thallium-201 scintigraphy also had an asso
ciated transient defect in the same area; because our 
criterion for positi,.ity ofSPECT was the presence of 
transient defects. all these cases were considered 
positive independently from the fixed defects. A.n
other limitation is the result of the visual assessment 
of both perfusion and echocardiographic studies. In 
this regard. although quantitative analysis ofSPECT 
is gaining acceptance. such analysis applied to stress 
echocardiography is not yet a standardized proce
dure. 
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Abstract 

To compare the diagnostic value of exercise echocardiography and perfusion single photon emission 
computed tomography (SPECT) in the detection of the presence and the severity of coronary artery disease, 
we studied 21 patients with isolated stenosis of different degree of the left anterior descending artery. Both 
echocardiography and SPECT were performed in conjunction with the same symptom-limited bicycle 
exercise test. Positivity of the test was based on the presence of exercise-induced wall motion abnormalities 
and transient perfusion defects, respectively. For both tests, an 'ischemic' score was derived. as index of 
extent and severity of myocardial ischemia. Coronary arteriography was evaluated by caliper. 

The agreement between exercise echocardiography and SPECT for the presence of coronary artery 
disease was 90%; the discordance was due to nvo patients with positive echocardiography and negative 
SPECT. A good correlation between ischemic wall motion and perfusion score indices was found (r = 0. 78. 
p < 0.0001. Moreover. the percent diameter stenosis was well correlated with both ischemic indices (r = 
0.75. p< 0.0001; r= 0.67, p< 0.001. respectively). In patients with a positive test, the mean value of 
ischemic wall motion score index was higher in patients with a diameter stenosis~ 70% than in patients with 
a diameter stenosis <70% (0.59 ± 0.19 vs 0.29 ± 0.12. p < 0.01)~ a similar trend was found for ischemic 
perfusion score index (0.51 ± 0.35 vs 0.27 ± 0.12. ns). 

The resultsofthisstudy indicate that in patients with single vessel disease of left anterior descending artery 
exercise echocardiography and SPECT give the same information on the presence, the extent and the 
severity of myocardial ischemia. 

Introduction 

Exercise electrocardiography and myocardial per
fusion scintigraphy are the most common non-in
vasive diagnostic tests in patients with suspected 
coronary artery disease [1-7].ln the last few years. 
exercise echocardiography is emerging as a promis-

ing alternative for assessing the functional severity 
of coronary stenoses [8-11]. However. few studies 
have been addressed to compare the relative diag
nostic efficacy of the two imaging tests [12-14]. 
Furthermore. no study has been designed so far to 
explore the relation between the results of exercise 
echocardiography and exercise perfusion scintigra~ 
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phy (when simultaneously applied) in patients with 
coronary stenosis of different severity. In most clin
ical studies. the visual assessment of coronary ste
noses has been used as ·gold standard" for assessing 
the diagnostic efficacy of non-invasive tests. 

Accordingly. we wanted to assess the diagnostic 
value of simultaneous exercise echocardiography 
and perfusion single photon emission computed 
tomography (SPECT) in a homogeneous group of 
patients with isolated left anterior descending coro
nary artery stenosis. quantitatively assessed. 

Study group 

From july 1989 to august 1990. 221 patients primar
ily referred for perfusion scintigraphy underwent 
simultaneous exercise echocardiography and 
SPECT at the Thoraxcenter. From this large group 
we selected all the patients who fulfilled the follow
ing requirements: 1) isolated narrowing limited to 

the left anterior descending artery on coronary ar
teriography performed within two weeks of the 
non invasive test: 2) no ECG evidence of previous 
transmural myocardial infarction; 3) no previous 
cardiac surgery; 4) no evidence of cardiomyopath
ies. congenital or acquired valvular heart disease. 
Twenty-one patients comprised the study group 
representing a consecutive series meeting the 
above requirements; 17 were men and 4 were wom
en. Their mean age ranged from 37 to 77 years 
(mean 59± 11 years). Seven patients had a docu
mented previous non-Q wave myocardial infarc
tion. At the time of the tests. betablockers were 
being taken by 8 patients. 

Methods 

All patients underwent a symptom limited upright 
bicycle ergometry with stepwise increments of 20 
Watts each minute. ECG was continuously mon
itored (leads IL V2. V5) and recorded every min
ute (12-lcad). The level of the ST segment was 
ca!culated by a signal averaged computerized sys· 
tern (Cardiovit CSG/12. Schiller). A 2: I mm hori-
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wntal l)r downsloping ST segmt:nt depression oc
curring ~() msec after the J p0int was considered 
ischemic. Seventeen patients reached an adequate 
exacise end-point. de-fined as the development of 
typic;~.] angina pectoris. ischemic ST segment de
pr6Si0n. or achievement of~ ::::5% of their maxi
m:Jl predicted heart rate. 

S?ECT imagi11g 

At peak exercise. either 370MBq of 99m-Tc-mc
toxy iSl)butyl isonitrile {MIBI) (n == 12) or 111 MBq 
of 2lll+tha!lium (n == 9) was injected in an antecub
ital vein. Patients continued to exercise for another 
one to t\H) minutes. Then. the protocol was differ
ent. ::~ccording: to the different radiotracer used. 
When 201-rhailium was administered. stress imag
ing started within 10 minutes t'~i the termination of 
e_-,:ercis-.· ~md redistribution ima;es were acquired 4 

hl'~Urs after the injection. When MIBI was used. 
stress images were acquired one hour after exer
cise: for resting studies. patients were reinjected 
with 370 tviBq of MIBI ::lt least .24 hours after the 
stress studies. 

A!! the images were acquired by a Siemens Gam
m:!sonics single head Rota Camera (Orbiter) 
equipped with 37 photomultiplier tubes. a 3/8 inch 
I\' a! crystal and a low-energy. all-purpose collima
tor. Thirty-two projections \\·ere obtained (180° 
scanning.. from left pOsterior oblique to right ante
riM oblique projection) with an acquisition time of 
-l:' sec per projection. The digitizing matrix (64 x 
64 word mode) was selected in the mid portion of 
th~ camera image by using a zoom factor V2. 
T~)!lh)gr~lphic data were reconstructed with the 
SPETS package (Nuclear Diagnostic AB. Hag
st~.?n. Sw~Jen). The direction of left ventricular 
Jon~ a_-,:i::; was determined from two onhogonal 
vi~.?ws {~Jnterior and lateral): oblique slices (shon 
a_\i~l ~mJ s~tgittal slices {vertical long axis). perpen~ 
Ji...-ubr :1nd parallel to the long axis respectively. 
wen:- reclmstructcd. For each patients. six oblique 
(shllft axis) slices were defined from the apex to the 
hase. anJ three sagittal slices from septum to the 
lateral w~dl. 



To compare exercise and reperfusion studies, 
the short axis and the sagittal slices were displayed 
as pairs and interpreted by the same experienced 
observer, who was unaware of clinical data, echo
cardiographic and angiographic results. In our cen
ter, simultaneous scintigraphic and echocardio
graphic studies are always interpreted and scored 
without knowledge of other data. Each short axis 
slice was divided into 8 equal-sized regions: the 
septal part of the two upper slices (4 segments) was 
not evaluated. since this portion corresponds to the 
fibrous interventricular septum and may result in 
reduced uptake. The apical region was evaluated 
from the three central sagittal cross section. yelding 
a total of 44 + 3 = 47 segments per patient study. 
The myocardial uptake of the radiotracer was vi
sually graded for each segment with a 5-poinr scale 
(0 = normal, 1 = slightly reduced uptake. 2 = 
moderately reduced uptake. 3 = severely reduced 
uptake. 4= 'absence· of uptake). An 'ischemic' 
response was defined as transient perfusion defects 
in at least two contiguous segments and/or slices. 
Perfusion score indices were then calculated by 
averaging the scores for all segments. both in the 
post-exercise and in the rest studies. An 'ischemic' 
perfusion score index was derived by the difference 
between stress and rest indices. giving an idea on 
both extent and severity of myocardial ischemia. 

Exercise echocardiography 

All echocardiograms were performed by a cardiol
ogist. using either a 3.5 or 2.5 MHz transducer and 
a commercially available wide angle phased array 
system (Hewlett Packard. Sonos 1000). Standard 
parasternal long- and short-axis views and apical 
two and four chamber views were recorded at rest 
with the patient in the left lateral position. Multiple 
apical views. including the apical long-axis \"iew. 
were used instead of parasternal views when the 
latter gave poor image quality. After reaching the 
exercise end point. the patients were immediately 
placed in the same left lateral position and the 
stress echocardiograms were obtained in the same 
four views. The rest and stress images were record-

ed on videotape and were also digitized on line 
using a Nova Microsonics PreVue III system. This 
system was set up to record at rest one repre
sentative cardiac cycle obtained from 4 different 
views. After exercise. 4 consecutive cardiac cycles 
for each view were captured; the cycle with the 
highest image quality was then selected and dis
played side-by-side with the corresponding rest cy
cle. Two different quad-screen formats. showing 
the rest and stress images. were finally stored in a 5 
l/4 inch double-side high-density floppy disk. 

All echocardiograms were reviewed on floppy 
disk as a continuous loop at different playback 
speeds by two observers who were unaware of the 
results of exercise test. scintigraphic data or coro
nary arteriography. For purpose of analysis, left 
ventricular wall was divided into 14 segments [15]. 
Both systolic wall thickening and inward wall mo
tion were visually evaluated: each segment was 
graded with a 4-point scale (1 = normal. 2 = hypo
kinetic. 3 =akinetic. 4 =dyskinetic). An ischemic 
response was defined as a wall motion abnormality 
in one or more segments which were normal at rest. 
or a worsening of wall motion in one or more 
segments which were hypokinetic at rest. A wall 
motion score index was derived. for both rest and 
stress studies. by dividing the total score by the 
number of the segments. An 'ischemic' wall motion 
score index was then calculated from the difference 
between stress and rest indices. Accordingly. an 
ischemic score by 0 was associated with no evidence 
of stress-induced myocardial ischemia. In our lab
oratory. inter-and intra-observer variability for 
stress echocardiography has been found to be mini
mal[!~]-

Assignment of different left ventricular regions to 
spec{fic coronary arteries 

To assign the vascular territories of the different 
coronary arteries, both the 47 segments imaged by 
SPEer and the 14 segments imaged by echocar
diography were combined in the same correspond
ing ventricular regiOns, denoted as anterior. post
erolateral. inferior. interventricular septum, and 
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apex. The interventricular septum and the apex 
were attributed to the left anterior descending ar
tery distribution: the lateral wall to the left circum
flex artery: the inferior wall to the right coronary 
artery. 

Coronary arteriography 

Coronary arteriography was perlonned using the 
Judkins technique. Coronary cineangiograms were 
analyzed with a PC-based coronary analysis system 
with a manual caliper program in its basic config
uration. developed in our center [16]. For this pur
pose. the cinefilm was mounted on a standard Ta
garno 35 ex projector with built-in video camera. 
A selected cineframe was then converted into vid-

eo format. digitized at a resolution of 512 x 512 x 
8 bits and displayed on a video monitor. For cali
bration. a region-of-interest around the catheter 
tip was selected with the mouse of the system. 
magnified two-fold with linear interpolation and 
displayed on the video monitor for subsequent 
measurements. Next. the user indicated with the 
mouse three pairs of points at the sides of the 
magnified catheter segment. The average value of 
the measured width expressed in pixels was com
pared with its true size (in mm). resulting in a 
calibration factor in mm/pixel. Then. the arterial 
segment to be analysed was magnified two-fold and 
linearly interpolated. and the user defined the ob
struction and reference diameters. From these ab
solute \-alucs. percent diameter stenosis was calcu
lated. 

TaM:!. E);ercise echocardiography and SPECf with th.: coronJry ang1ogrJrh:- find in~ in the study group. 

p, AIG Ml bB ANGlO ECHO SPECT ISCHE:\IIC EXERCISE RADIOTRACER 
ti\OICES TESTING 

rest stress rest stress .. ·..::11,~ :-peer 'P st cnd-poim 

1) 56/M + + 100% LAD LAD .71 .f:O + + MIBI 
2) -101M 100% LAD LAD .. •:- 3-1 + + MIBJ 
3) -19/M + + SO% LAD LAD .-+.: .32 + MIBI ,, 63/M + 77'% LAD LAD .";"9 .3-l- + + + 201-TI 
5) 55/M + 7-l-% LAD LAD .71 1.10 + + 201-TI 
6) 171M 67% LAD 3:- + + + MIBI 
7) 6!!M 65% LAD LAD .-l-.: .15 + + MIBI 
8) 66/M + + 64°/o LAD LAD LAD LAD _ _;;:; A7 + + 201-TI 
9) 371M + 61% LAD LAD LAD .!.! 38 + + 201-TI 

!0) -l-3/M + 58% () 0 201~TI 

II) SliM + + 57% LAD LAD LAD . .J.: .17 + 201-TI 
J~) 75tM 55% LAD LAD II II + + MIBI 
!3) 7l!F 5-<% LAD LAD I' 21 + + MIBI 

141 64/F 52% II II + + + 201-TI 

151 6-I!M + 52% LAD LAD u lJ + MIBI 

161 6S/M -<9% LAD LADIRCA .~I 17 + + MIBI 

171 MIM ~% LAD . .::1 II + MIBI 

18) .WIF + _.g% II II + MIBI 

19) h71M -<7% II II + + MIBI 

.::oJ 01/M + ..<0% II II 201-TI 

21) 65/F 37% II II 201-TI 

A'G = Age/gender; MJ = previous non-0 wave myoc:~rdi:~l infarction: t>B = t>.:.·t;.tl>lockcr therapy: Angio =percent diameter stenosis 
on coronary ;~ncriography; ;~p = angina pectoris. st = isch.:mic ST sef:m<:nt ch;~ngcs: end-point= achievement of an adequate 
end-point. 
The resut ts of exercise cchocardiography and SPECf are cxprcsscJ <Is spccifi.: C<)r~mary :mcrics attr"11-lutcd to w.:~!t motion abnormalities 
or perfusion defect:... LAD= left anterior descending artery: RCA= ri!_!hr ,;..r,,n;try ;mcry. 
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SENSITIVITY SPECIFICITY 

II EGG llll ECHO SPECT 

Fig. 1 s~·n~itivity :..nd sr~·cificity of .:x.:rci~ ECG. cchocardiog
raphy (ECHO I and SPECT forth<: J.:tcction of ldt antaior 
dc~cending coronary an~·r;.· di~c:::N· (diameter stenosis '::::: :;w,;, ). 
Numhef'• on the top of the t">;.trS rcprc~nt ;.tl:>~-olute values. 

Results 

Some clinical data. the results of exercise ECG. 
echocardiography and SPECT. and the findings on 
coronary aneriog.raphy are reponed in Table 1. 

Sensitivity and specificity of exercise ECG. 
echocardiography and SPECT for the diagnosis of 
coronary anery disease (defined as '% diameter 
stenosis 2: 50) are represented in Fig. l. ST seg
ment depression was present in 11 patients with and 
in I patient without coronary artery disease. Tran
sient wall motion abnormalities were detected in 13 
patients: in II of them a diameter stenosis 2: 50% 
was found. The other two patients had a diameter 
stenosis of 49% and 48%. respectively. All patients 
with a negative echocardiography had a diameter 
stenosis < 60%. 

Transient scintigraphic perfusion defects were 
found in II patients: ten of them had a diameter 
stenosis 2: 50%. The other patients had a diameter 
stenosis of ~9% and concordant stress induced wall 
motion abnormalities. 

The relation between the results of the tests and 
the se\·erity of coronary an cry disease is shown in 
Fig. 2. The prevalence of a positive exercise echo
cardiography or SPECT is related to the degree of 
the stenosis: all the patients with a diameter steno
sis> 70°/o had both positive exercise c-chocardiog
raphy and SPECT: in the lO patients with a dia
meter stenosis between 50 and 70%, exercise echo-

>70% (n=Sl 50-70% {n=10) <50% (n=6) 

DIAMETER STENOSIS 

1m! EGG m:J ECHO :J SPECT 

Fig. 2. Prevalcnccofo positive resultoncxcrcis.: ECG. echoc:~r
diogr.Jphy (ECHO) and SPECT according w the different se
verity of left 3nt.:rior descending coronary artery stenosis. 

cardiography and SPECT were positive in 6 and in 
5 patients, respectively: and in the group with a 
diameter stenosis <50%. two patients were posi
tive on echocardiography and one patient on 
SPECT. The incidence of ST segment depression 
was more ·uniform·. while the distribution of angi
na pectoris during the test was unpredictable. 

The agreement between exercise cchocardiog
raphy and SPECT for the presence of coronary 
artery disease is represented in Fig. 3. There was an 
overall good agreement between the two tests (19/ 
21 patients. 90%). OftheS patients with both tests 
negative. 4 did not achieve an adequate exercise 
end-point. The disagreement was due to two pa
tients who had a positive exercise cchocardiog
raphy without transient perfusion defects on 
SPECT. 

Assuming that ischemic score indices represent 
the amount of myocardium at risk. we compared 
wall motion and perfusion score indices each other 
and with the diameter stenosis. Although the dif
ferent left ventricular wall segmcmation and the 
different score system we used. a good correlation 
between the two indices was found (r= .78. p< 
0.0001). Moreover. the% diameter stenosis was 
well correlated with both wall motion and perfu
sion ischemic score indices (r= .75. p< 0.0001: 
r= .67. p< 0.001. respectively). 

Among patients with a positive test, ischemic 
wall motion score index was higher in patients with 

75 



ECHO 

+ 

+ffif1 0 SPECT 
- 2 8 

Fig. 3. Agreement betw<:<:n exercise echocardiograph;; and 
SPECf in the S\udy group. + = posit[\·.: result: - "" negative 
result. 

diameter stenosis :::: 70% than in patients with dia
meter stenosis< 70% (0.59 ± 0.19 vs 0.29 ± 0.12. 
p < 0.01); a similar trend was found for ischemic 
perfusion score index. although the difference was 
not statistically significant (0.51 ± 0.35 vs 0.27 ± 
0.12. ns) (Fig. 4). 

Discussion 

The purpose of this study was to compare exercise 
echocardiography and perfusion SPECTin a group 
of patients with left anterior descending coronary 
arterial stenoses. In recent years. exercise echocar
diography has been proposed as a feasible and 
low-cost alternative technique to scintigraphy for 
the diagnosis of coronary artery disease [8-ll]. 
However. there are very few studies addressing the 
comparative value of the two tests for the diagnosis 
of the presence and the severity of coronary artery 
disease. and in these studies the assessment of cor
onary arteriograms was limited to a visual judge
ment [12-14]. We have already compared the re
sults of exercise echocardiography and perfusion 
SPECf in patients with suspected coronary artery 
disease and normal ECG at rest {14]~ we found a 
very good agreement between the two tests for the 
detection of left anterior descending artery stenos
es visually evaluated. 

The main features ofrhe present study are: a) the 
homogeneous group of patients with single-vessel 
disease of proximal or mid left anterior descending 
artery: 2) exercise echocardiography and SPEer 
simultaneously performed: 3) analysis of coronary 
lesions by caliper technique. 

The results indicate an excellent agreement be-
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Fig_ .J. ~lc~n w~ll motion (ECHO) ~nd perfusion (SPECT) 

i~h.:mi~ score indices in p::.ticnts with positive test and different 
d.:-;;r~"" of coronary artery stenosis. 

tween exercise echocardiography and scintigraphy 
for rhe diagnosis of the presence of ·significant' 
cownary disease and for the severity of myocardial 
isch~mia. In particular. analysis of echocardio
grams and SPECT showed a more extensive and 
se\"c-re new wall motion abnormalities and tran
si~nr perfusion defects in patients with diameter 
stenosis > 70°/o. compared to patients with less 
sev~re stenoses (Fig. 4): however, in the individual 
pati~nt the score is not helpful to predict the sever
ity of coronary stenosis. due to the considerable 
ov~r!ap of the values. 

Consistent with previous scintigraphic and echo
cardiographic studies [17-20]. sensitivity was high
est in patients with more severe lesions. of 70% or 
more. confirming that the prevalence of an ischem
ic response is primarily related to the severity of 
coronary stenosis. Based on our previous experi
ence- [12-14-. 21]. these positive results cannot be 
extended to patients with disease of left circumflex 
or right coronary artery. in which the sensitivity of 
ex~rcise echocardiography is slightly lower than 
that obtained by SPECf. 

Limitations of the study 

In this group of patients the usual antianginal ther
apy was not discontinued: this could affect the as-



sessment of 'true· sensitivity and specificity of the 
tests. In particular. 4 of the X patients with both 
tests negative did not reach an adequate exercise 
end-point. and 3 of them were on beta blocker ther
apy. However. the aim of this study was not to 

assess the physiologic :,;;ignificance of a coronary 
stenosis. Rather. we wanted to compare exercise 
echocardiography an SPECT for the detection of 
myocardia! ischemia in a group of patients primar
ily referred for perfusion scintigraphy. conditional 
to their medical treatment. 

Another potential limitation of this study is due 
to the different radiotraccrs used for SPECT stud
ies. The presence of a 'fixed' perfusion ddcct on 
201-tha\lium imaging could be due to late redistrib
ution. indicating ischemia rather than scar [22]. 
This could decrease the prevalence of an ischemic 
response. In the present study. 3 patients had a 
fixed defect on 201-thallium SPECT. but a!! of 
them had also a reversible defect in the same area. 
Since positivity of SPECT was based on the pres
ence of reversible defects. these 3 patients were 
considered positive. independently from the fixed 
defects. 

Clinical implications 

The results of this study suggest that exercise echo
cardiography and perfusion SPECT g_iYe the same 
information on the presence. the site. rh.: extent 
and the severity of myocardial ischemia in p:.ltients 
with single vessel disease of the left anterit)f de
scending artery. The results of post-exerci::-:e echo
cardiography are strongly dependent on the ::-:kill of 
the operator to record good quality image::-: a::-: soon 
as possible after termination of exercise. Further
more. wall motion is the most difficult echocar
diographic parameter to evaluate. In the present 
study, echocardiographic images were interpreted 
by two observers (because this is the policy in our 
center): however, the low inter- and intra-ot_-.server 
variability for stress echocardiography in l)Ur lab
oratory indicates that this is not relevant for clinical 
test utilization. provided a good and long ::-:pecific 
training be done. On the other hand. perfusion 
scintigraphy requires high cost equipment not a!-

ways readily available. The choice of the ·nest" 
method relics on the facilities availabk in the in
stitution and on the level of expertise of the individ
ual laboratory. 
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This study was designed (I) to assess the relationship bef .. .;een stress exercise echocardiography (echo) and 201-Tl single 
photon emission computed tomography ( SPECT) applied simultaneously in 23 patients who were candidates to percu
taneous rrans/uminal coronary angioplasry ( PTC A), ( 2 J 10 assess the relationship between the development of exercise
induced wall motion abnormalities. transient perfusion defects and the severity of quantitatively assessed coronary stenoses 
and ( 3) to compare the functional improvement after PTC A by exercise echo and SPECT. Before PTCA there was an 
agreement of78% between stress echo (new ·wall motion abnormalities) and SP ECT (transient perfusion defects) results. 
All patients with a percentage diameter stenosis > 70% had a positive echo and SPECT. while they were both negative if 
the percentage diameter stenosis was <50%. In 19 patienrs re-studied 4 weeks after PTCA. on ischaemic response at stress 
echo was found in two of the 13 patients who had a positire stress echo rest before PTCA. and SPECTwas still positive in 
three of the 10 patients who had a positive SPECT stud_•· b.>fore PTCA. Echo and SPECTwereconcordant in 17/19 cases. 
It is concluded that exercise echo and 201-Tl SP ECT are useful non-invasive tools for the functional assessment of patients 
before and after PTCA. and that they provide highly concordant results. 

Introduction 
Non-invasive assessment of patients with coronary artery 
disease is of paramount importance for clinical decision 
making and prognostication. There is an increasing con
sensus that digital stress echocardiography provides such 
a useful diagnostic tooJl1-61, while 201-TI single photon 
emission computed tomography (SPECT) became state of 
the art procedure for studying myocardial perfusion17-":. 
Since both techniques provide useful inform:ltion it is 
important to assess their relative advantages. 

The aim of this study was (1) to assess the relationship 
between exercise echo and 20 1-TI SPECT for the diagnosis 
of myocardial ischaemia in a group of pati~ts before 
PTCA. (2) to clarify the relationship between the devel
opment of exercise-induced wall motion abnormalitieS 
assessed by echo, transient myocardial perfusion defects 
on SPECT and the severity of quantitatively assessed 
coronary stenoses. and (3) to compare resullS 
after successful PTCA with both stress echo findings and 
SPECT. 

Patients and methods 

STUDY PATIENTS 

The study group included.26 patients with srable angloa 
pectoris prospectively enrolled and who were candidat.:s 
Submitted for publ>c:alion on 12 Septanber 1990. and "' .,..;sed fonn :: 
January 1991. 
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for PTCA. Of these. 23 had a good quality simultaneous 
stress echo and 201-Tl SPECT study. Twenty-one of these 
underwent PTCA which was technically successful in 19. 
These were re-studied with stress echo and 201-TISPECT 
4 weeks after the procedure. Of the four patients who did 
not undergo a sequential study, two did not undergo 
PTCA because of remission of symptoms and two had a 
non-successful PTCA. The individual patient character
istics and the results of bicycle ergometry. stress echo and 
SPECT are represented in Table 1. Beta blockers were 
withdrawn 2 days before the test. while other medication 
was Continued. Stress echocardiography and 201-Tl 
SPECT were not used for selecting these patients for 
PTCA, since the indication had already been given based 
on clinical evaluation and coronary arteriography. 

EXERCISE TESTING PROCEDURE 

Symptom-limited upright bicycle ergometry was per
formed with stepwise increments of20 Watts each minute. 
The ECG was continuously monitored (leads II, V2 and 
\' J. A 12-lead ECG recording was obtained at rest ind 
each minute during the exercise and cuff blood pressure 
measurement every 2 min. Computer averaging of the 
electrocardiographic complexes was performed by the 
Schiller system Cardiovit CSG/12. An ischaemic response 
was defined as ~ l mm horizontal or downsloping ST 
segment depression occurring at 80 ms after the J point. 

SPECT TI!ALLIUM-20 l SCINTIGRAPHY 

One minute before the exercise was terminated,. 
I I 1 MBq of thallium were injected intraven<>;usly. The 
patients were imaged with a rotating gamma camera 
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(Siemens Gammasonics Rota-camcr::t. Orbiter) 5 min and 
4 h after thallium injection. Thirty-two projections wen:: 
obtained (from left posterior oblique to right anterior 
oblique projection) with an acquisition time of 45 s per 
projection. The digitizing matrix (64 x 64word mode) was 
selected in the mid portion of the camera image bv usin2: a 
zoom factor of j1. The tomographic data we~e p~oc.::~d 
on a Gamma 11 computer system with a floating point 
processor. Transaxial tomograms were reconstructed 
with the commercially available SPETS package (Nuclear 
Diagnostics AB. Hagsten. Sweden). From the thrcc
dimcnsioml data cube. slices were selected both perpen
dicular and parallel to the long axis. For each patient. six 
oblique (short axis) slices were defined from the apex to 
the base and thriesagittal slices from septum to the lateral 
\vall. To compare exerCISe and reperfusion studies. the 
short axis and the sagittal slices were displayed as pairs 
and interpreted by two experienced observers without 
knowledge of clinical and echocardiographic results. The 
slices were four pixels thick. partially overlapping. Each 
short axis slice was divided into eight approximately 
equal-sized regions: the septal part of the upper two slic.::s 
(four segments) \Vas not evaluated. since this portion 
corresponds to the fibrous interventricular septum and 
thus may show reduced thallium uptake. The apical 
region was evaluated from the three central sagittal cross 
sections. yielding a total of 44 + 3 = 4 7 segments per patient 
study. The thallium uptake of each segment was graded 
semiquantitatively. based on a five-point scoring method 
(0 =normaL l =slightly reduced. 2=moderately-reduced. 
3=scverely reduced. 4=absent uptake). Ischaemia was 
defined based on the presence of a stress perfusion defect 
that partially or completely resolved at the delayed 
imaging. &'Cause of its doubtful meaning. a post-exercise 
score of I with normal score at redistribution imaging was 
not considered as ischaemic. Perfusion scores were then 
calculated by summing the scores of all the segments. both 
in the post-exercise and in the rest studies. 

EXERCISE ECHOCARDIOGRAPHY 

Two-dimensional echocarcliograms were performed in 
the left lateral decubitus position before and immediately 
after exercise. using a commercially available wide angle 
phased arr..ty imaging system (Hewlett Packard Sones 
1 000). Examination at rest included conventional para
sternal long- and shon-a.xis views and apical four- and 
t\VO-chamber views. Transducer positions were marked 
on the patient"s chest wall: if coincident with those of one 
of the ECG precordial leads. the electrode was placed in a 
lo\vcr intercostal space. Immedi:ttdy after exercise. the 
patient reassumed the same left lateral decubitus and 
the post-exercise study was obt.aincd from the same echo
cardiographic windows. As a result. thallium scanning 
was not delayed. and imaging always began \vi thin 5 min 
oft he end of the exercise. Both rest and stress studies were 
recorded on videotape and digitized on-line with a Nova 
Microsonics PreVue 1 I I System (ATL). This system 
allows the user to display pre- and post-exercise images of 
each standard echocurdiographic view side by side in two 
different quad-screen fonnats. Final cchocardiographic 
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data were stored on a 5·25 inch double-side high-density 
floppy disk for later analysis. All cchocardiograms were 
analysed by two experienced obser-.:ers unaware of the 
results of the ergometric test. scintigraphic data or 
coronary angiography. For purposes of analysis. the left 
ventricular wall was divided into l4segments (Fig. Ia). In 
each study. wall motion was visually evaluated at rest and 
after exercise and graded as I =normal. 2 = h)'pokinetic. 
3 =akinetic. 4 =dyskinetic. 

A wall motion score index was defined by the sum of 
the scores of all the segments divided by the number of 
segments. The difference in wall motion score indices 
benveen the post-exercise and rest studies was then calcu
lated: thus. a difference ofO represented a normal examin
ation. On the other hand. the difference in the scores 
between post- and pre-PTCA studies gave information on 
the results of the procedure. 

The inter and intra-observer reproducibility of the 
imerpretation of the SPECT imaging and srress echo in 
our institution is good. as previously reported11°-1!J. both 
for the scoring systeml 10

1 and for the diagnosis of an 
ischaemic response where the agreement ranged from 85 
to92%P 11. 

CORONARY A~G!OGRAPHY 

Coronary cincangiograms were analysed semiquanti
tativcly with a PC-based coronary analysis system with a 
manu::t! caliper program in its basic configuration devel
oped in our centrclt:l_ For this purpose. the cinefilm is 



1 ah!c I Ba.w!inc dwracteristio and r<'sults a (fer PTC A in all indiridu:.Jf pan,·ms 

P;<tlent 2 ' 6 7 s 9 10 II 12 13 

Age rye;~rs). sex (M.'F) m m m m m r m m m m m 
62 64 56 56 62 50 62 64 57 73 65 55 62 

Previous Ml + + + + + 
non-q non-q non-q 

ExaciseECG 
\V::ttt B 80 140 120 l-ID 140 120 120 120 140 140 140 120 120 

A l-ID 140 120 150 100 100 100 130 140 133 I 
N 163 164 166 !30 148 182 92 110 !56 109 133 !56 156 

MaxHR B liS 105 125 163 143 130 154 144 112 135 125 149 134 
A 123 149 164 102 150 162 148 160 139 135 I I 

Angina B +I+ +.'+ -/+ " + +i- +I- +I- -I- +/+ +I+ 
ST -de-pression A -l+ +;+ - + -/- -I- -I- -/- I I 

Vesscl(s) disease LAD LCX RCA RC.~ LCX LCX RCA LAD RCA RCA RCA LCX RCA 
LCX 

Stenosis diameter(%) 77 6-\ 100 70 62 58 74 39 59 58 75 !00 so 
(,() 

Residual diameter stenosis 27 0 ..r 14 100 21 3::' 21 23 " after PTCA (%) 
Echo 

Ischaemia B + + + + + + + 
A + + I 

Exercise WM score B H6 1·50 I-2$ 1·28 1·6-\ 1-~2 1·21 1·07 1·78 !·50 
A I 1·07 J-28 1·1 1·42 1-42 I I 1·07 I 

Resting WM score B 1·07 I 1·2S I 1·50 I I 1·07 I 
A I 1·07 L2S I 1·42 1-14 I 1·07 I 

SPECT 
Ischaemia B + + + + + + + 

A ! + + I 
Exercise score B 30 " 26 27 87 33 3 13 IS 40 40 

A I IS ' 16 82 !0 2 15 6 ! 
Resting score B 4 IS 15 5 II 82 6 21 2 45 

A 2 IS I 0 so 4 12 5 II 7 I 

B: before PTCA: A: after PTCA: N: norm.1lexpccted values: WM w.11l mOtion. 

mounted on a standard Tagarno 35 CX projector with 
built-in video camera. A selected cineframe is then con
verted into Yideo format. digitized at a resolution of 
512 x 512 x S bits and displayed on a video monitor. For 
calibration purposes. a region-of-interest (ROI) around the 
contmst catheter is selected with the mouse of the system. 
magnified two-fold v.1.th linear interpolation and displayed 
on the video monitor for subsequent measurements. Next. 
the user indicates with the mouse three pairs of points at 
either side of the magnified catheter segment. The average 
value of the measured \\-idth expressed in pixels is then 
compared with its true size (in mm). resulting ina calibration 
factor in mm pixel- 1• Following this the arterial segment to 
be am lysed is magnified two* fold and linearly interpolated. 
and the user similarly defines the obstruction and reference 
diameters. From these absolutev:alues. percentage diameter 
stenosis can be calculated simply. 

ST A TISTlCAL ANALYSIS 

Analysis or the data was performed by paired and 
unpaired Student's t-test. when appropriate. 

Results 

The individual results are reponed in Table l. 

.->..SSESS:.fEi"T BEFORE PTCA 

Relation ben,·een ergometric results, stress echo and 
SPECT 

Before PTCA the median working capacity was 140 
Watts (range SG--200J. and the median maximal heart rate 
was 134 beats min -I (range 100-167). In Table2theresults 
of echo and SPECT have been summarized separately 
according to th"e symptomatic and the electrocardio
graphic responses to bicycle ergomctry. The results 
indicate a similar prevalence of positive echo and SPECT 
in the groups with a different response to exercise electro
cardiography. 

Concordance of an ischaemic response by stress echo and 
SPECT 

An ischacmic response during exercise was found by 
echo in 14/23 case; and in 11/23 cases by SPECT. As 
shown in Fig:. 2 there was an agreement of 78%. In the 
four cases where echo was positive and SPECT did not 
show transient perfusion defects. a ·fixed' perfusion defect 
was present. consistent with the diagnosis of a previous 
myocardial infarcticn. In all cases with an ischaemic 
response. both by o.:-ho and SPECT. the location of the 
abnormality was cOn!oistent with the distribution territory 
of the stenotic vesseL 
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Patient 

Age (years).sex(M/F) 

PreviousMI 

m 
iD 

+· 
non-q 

15 

m 
56 

16 

f 
65 

~ 

Sl 

IS 

m 
63 

+ 

19 

m 
51 

+ 
non-q 

m 
60 

21 

m 
4) 

m f 
~ 63 

24 

m 
62 

+ 

f 
61 

m 
43 

Exercise ECG 
Watt B ::oo 

A 200 
N 176 

100 
I 

166 

120 !6<) JJ{l lSI) 160 
ISO 
ISS 

ISO 
000 
190 

140 

"" ISS 

120 
120 
Il7 

140 
160 
150 

160 
170 
208 

125 000 
107 !&! 220 J:N 

I 
120 

MaxHR 

Angina/ 
ST-deprcssion 

Vessel ( s) disease 

Stenosis diameter(%) 

Residual diameter stenosis 
after PTCA {%) 

ECHO 
Ischaemia 

Exercise WM score 

Resting WM score 

SPECT 
Ischaemia 

Exercise score 

Resting score 

B 152 118 
A 141 1 
B ..,.. + +i-
A 

LAD 

57 

B + 

I 

LAD 
RCA 
100 
68 
I 

+ 
A /. 
B H-2 H4 
A 1 I 
B 1 1·14 
A I 

B 
A 
B 28 
A I 
B 27 
A l9 

+ 
I 
43 

I 
3 

134 
]4i 

+!+ 
-1-
LCX 

59 

14 

+ 
+ 
24 
II 
Il 
4 

Tab!<" 2 Relation bUY."<"Cn stress dccrrocardio_r:raph_v. echo and 
SPECT in 23 candidates for PTCA 

Angina: 
ST depression: 

Number 
Echo positive 
SPECT positive 

+ 
+ 

II 
8 
8 

+ 

3 
2 
2 

+ 

5 
2 

4 

' 0 

Echo positive: new wall motion abnonnalities: SPECT positive: 
transient perfusion defecL~. 

Relation between stress echo and SPECT results. and the 
severity of the coronary stenoses before PTCA 

An ischacmic response was found in only some of the 
patients. 14/23 by echo and ll/23 by SPEer. In these 
patients a quantitative analysis of the coronary stenosis 
was technically possible in all but one patient. In Fig. 3 
the severity of the coronary stenosis is compared in the 
groups of patients with a normal and an ischaemic 
response during exercise. by echo and SPEer. It clearly 
appears that the group of patients with an ischaemic 
response v.;th either test had a more severe coronary 
stenosis as compared to those with a non-ischaemic 
response. 
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l5t> !53 151) 10! JW 1 "U 167 122 100 
I 

+I
I 

RCA 
LAD 

57 

!77 !25 lSI 133 170 140 
+/+ -/-+ ~ _,...,.. - + 
-/- -.'

LCX L-l..D L-l..D RCA LCX LAD LAD RCA 

>50 60 
l>"i~w.ll 

39 

+ 

1·-C 

34 
lO 

" 4 

5 

73 69 

13 " 35 

+ + 

1·64 1·1-l- 1·71 
1·07 1·1-l- 1·07 
\·07 1·1-l- I 
1·07 1·1-l- 1·07 

+ 

ss 

" "' l5 

0 
0 
0 
0 

+ 

+ 

52 
13 
10 
13 

52 

30 

4 
3 
0 
I 

67 

5 

+ 

66 
I 

I 
1·28 I 
1·14 1 
Ll4 1 
1·14 

+ 
20 
19 
25 
l8 

I 
0 

I 
0 

I 

•

1

SPECT+m'' 
! -C[]2 

,. 9 

120 
130 

+1-
-1-
LAD 

58 

20 

2 
2 
4 
3 

Figure:: Two-by-two table indicating the relation between stress
induced new wall motion ;1bnonnalities (echo+) and transient 
pcrftJ$ion dd~-..:t~(SPECT +)in 23 candidates for PTCA.-

Howewr. while patiems with a diameter stenosis 
greater than 70% always had an ischacmic response. the 
group with a stenosis diameter between 50 and 70% had 
an unpredictable response to stress. independent of the 
vessel involved. The two patients with the least severe 
stenosis_ kss than 50%_ both had a negative echo and 
SPECT. These two patients had been referred for PTCA 
based on symptoms. the results of bicycle ergometry and 
visual asses..<>mcnt of coronary angiogram (scored as more 
than 50% diameter stenosis). 



lo-LAD •·LCX .. RCA I 

100 100 

~ 
80 

1' 
eo 

- !o 
0 
~ 60 60 -"'. 
1 
;;; 40 40 : 

iPII n =II 

8 8l 
n" e n ~ 1<0 

l~hoemlc: 8 @ 

Echo 201-Tl SPECT 

F~!;urc 3 Comparison or percentage of diameter coronary stcnC>><.'S in 
patients with a positive\'S. negati\"eecho and SPECT. 1>-.:-fore PTCA. 

Table 3 Results of sequential bicycle ergometry, stress cello and 
SP ECT in 19 patients before and four .,.-eeks afu:r PTCA 

Before After 
PTCA PTCA 

Working capacity (Watts) 138 (SD 25) l44(SD3W 
Max heart rate (beats min-') 134(SD 18) 143($0 IS)• 
Angina. n II ' ST segment depression. n 10 4 
Echo positive, n I3 ' SPECT positive. n IO 4 

•P<0-05. 

E<>o 
+ 

+EB2 4 SP[CT 

- 0 15 IS 

2 " 
Agreement 17119 = 89% 

Figure 4 Two-by-two table indicating the relation between ~tr~'Ss
induccd new wall motion abnonnalities (echo+) and transient 
perfusion de[CCl$ (SPECT +)in 19 patients. 4 WL""Cks after PTCA. 

fUNCTIO::-.l"AL RESULTS AfTI.R PTCA 

Sequential stress echo and SPECT were applied before 
PTCA and 4 weeks after PTCA in I 9 patients. The OYerall 
results of ergometry, stress echo and SPECT arc rep
resented in Table 3. The results indicate that in this group 
of patients there was a dramatic decrease of stress
induced ischaemic responses after PTCA. as judged by 
angina. ST segment depression. stress echo and 201-TI 
SPECT. Fig. 4 represents the agreement between stress 

go ,--P<0-001-----, 

so 

~50 
• 40 
0 

~30 
~ 

0 
" 20 
" ~ 

10 

0 

90 .-- p • 0-0~ ---, 

F(f.!urc 5 Changes of exercise and r~istribution 201-Tl SPECT 
severity s.:orc before and after PTC."'- in 19 patients. 

20 
~ r-P<Q-001-

~ 
18 

0 1·6 

~ 
0 

14 

' 12 

~ 
~ 10 

Before After 
PTC.:. 

Fi[;urc 6 Immediate post-exercise tt~O SC\erity score in !9 patients 
before and-+ weeks after PTCA. 

echo and 201-11 SPECT in the assessment of myocardial 
ischaemia after PTCA in these patients; it was very good 
(89%). In Figs 5 and 6 the indi\idual changes after PTCA 
of the severity score by SPECT and echo arc shown. which 
all significantly improved in this group. Of the SPECT 
score. it should be poimed out that not only the exercise 
but also the redistribution scor~ improved by a similar 
extent. sho"ing a decrement after -PTCA of 61 ~ and 
58%. respectively. 

Discus,.<oion 

The main findings of this study are that in a cohort of 
PTCA patients. stress echocardiography and 201-Tl 
SPECT are both useful in asscs$i.ng. the functional signifi
cance of coronary lesions and that both techniques pro
vide highly concordant information. Secondly. sequential 
stress echo and 201-Tl SPECT lx:foreand after PTCA are 
equally useful for detecting the directional changes of 
stress-induced new wall motion abnormalities or transient 
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perfU$ion defects. which express diff~r~nt functional vari~ 
ations after revascularization. These results :ne not new. 
si ncese-parateechocardiogra phic and scintigraphic studies 
had already demonstrated similar findingsl3--t>l_ However. 
this srudy is the first one in which both tests were applied 
simultaneously in the same patients. One earlier study had 
compared planar 201 ~Tl scintigr:tphywith exercise ccho!ll: 
however. it is increasingly accepted that SPECT is superior 
to planar scintigraphy11l. Furthermore. SPECT is more 
suitable for comparison with echocardiogr:l.phy. both 
techniques being tomographic. 

Our findings. as represented in Fig. 2. indicat<:: that 
befor.:: PTCA there was on average a good :1greement 
(78%) for 'ischaemic' resPonses bct\veen th.:: two tech· 
niques: howev·er. four patients had a positive tcho with a 
SPECT result which was classified as non-ischaemic. 
Although the number of patients is low. it is worthwhile to 
note that three of these patients had a previous myo
cardial infarction. which was consistently imaged by 
SPECT as a fi:"ed perfusion defect. It has recently be~n 
obsei'\:ed in different studies that a fixed 201-Tl perfusion 
defect can also be consistent with myocardial ischaemia. 
since (I) in some of these patients a p:1rtial redistribution 
is apparent only if a later scan is performed 12-24 h after 
cxerc:isel1)J. and (2) since pan of such fixed defects may be 
reversible after rcvascularizationr10l. Therefore. the ·false· 
negative SPECf studies could be pani::llly explained by 
the fact that in our study redistribution scan was obtained 
only at 4 h after exercise. These findings are important 
since they underscore and confirm a pitfall of usual proto
cols with 201-Tl scintigraphy therefore suggesting that 
later imaging or a re-injection of 20l·Thallium is indi
cated in patients with a persistent defect on the usual 4-h 
images. 

It~ will also be interesting to assess in future studies 
whether. as suggested by our initial experience in a differ
ent studyfl..IJ. the number of •false negatives· by nuclear 
perfusion studies will be reduced with the nt:-w~r Tc 99m 
labelled radiotracers (MIBI)i151

• which are characterized 
by an absence of redistribution, in contrast to 201-Tl. 

In contrast with most studies. we utilized a quantitative 
method for assessing the severity of coronary lesionsr1 =l to 
which the non-invasive tests were compared. This would 
allow assessment of the cut-off value bcvond which a 
coronary stenosis becomes functionally- importantr 1 ~1. 
This point has been very recently stressed in an echo
cardiographic study by Sheikh ct a/. 1~ who found a 
relation between the quantitatively assessed coronary 
stenosis and the results of exercise echo. which is very 
comparable to our findings. The importance of a quanti
tative assessment of coronary stenosis is illustrated in 
Fig. 3. It should be noted. however. th::tt all the coronary 
lesions were scored as 50% or more by visual a%cssment. 
However. the diagram in Fig. 3 indiC:ltes that in two 
cases the stenosis was Jess than 50%. being 39% and 43%. 
but in both cases stress echo and SPECf were negative. 
consistent with a non-severe lesion. 

Our results indicate that in all cases with :1 stenosis of 
more than 70%. both echo and SPECT \Vere positive. In 
the intermediate zone (50 to 70% diameter stenosis). the 
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respons.:- to exercise in these patients was unpredictable. 
with only about one-half being ischaemic on echo and/or 
SPECT. his \·~ry important to underline that stress echo 
and 201-Tl SPECT provided very similar results when 
related IV the severity of the coronary stenoses. Further~ 
more. thret! recent stress echocardiographic studies[4-<>l 
and one study by 2.01-Tl SPECTf~l have shown that both 
techniques :1.n: useful for demonstrating improvements of 
regional \\31! motion. global left ventricular function and 
myocJ.rdial perfusion during exercise. after a successful 
PTCA. Our results in the 19 patients who underwent a 
second ..:vmbin.::d str<::ss study 4 weeks after PTCA con
firm thQe previous findings (Fig. 6). In addition. our 
study d<:.-monstrated that in this setting there is also an 
excelknt agr~ment on the functional assessment of the 
indi..,idual p:l.tients (Fig. 4). In our experience. most 
patients alre;J.dy had a negative echo and SPECf results 4 
weeksaftcr PTCA. This is partially in disagreement with a 
recent xintigraphic study in which a resolution of the 
perfusi .. m def-.-ct was only found some time after PTCA(..IJ_ 

An J.dditional interesting finding of our study on 
SPECT imJ.ging was that after PTCA there was a parallel 
improvcm~nt ofboth initial exercise perfusion defects and 
of late rt.'ilistribution defects (Fig. 5). This confirms pre
vious findings!IOJ and indicates that a fixed or a partially 
reversibk 201-Tl perfusion defect does not exclude the 
presence of viable and reversibly ischaemic myocardium. 

UMlTA TIO:"'SOF THE STUDY 

Although the results of the present study arc consistent 
with thos.:- of others. this study includes only a small group 
of patients. ;:md more should be studied in the future to 
validate these findings. SPECT imaging has been only 
semiquantit:Hively assessed: since it has been shown that a 
quantitati\·e computer analysis provides a more accurate 
information. this type of analysis should be applied to 
explore whether a better separation could be achieved in 
patients with a different severity of coronary stenosis. 
Finally. coronary angiography was not repeated 4 weeks 
after PTCA to ascertain the consistency of the 
non-invasi\·e evaluation of re-stenoses. 

In conclusion. our study indicates that exercise echo
cardiognphy and 20 l·Tl SPECT arc both useful tools for 
assessing the functional severity of coronary stenosis and 
the functional results after PTCA. Since the two techniques 
are both superior to stress electrocardiography alone and 
provide similar inform:l.tion. and if these results an; con
firmed. stress echocardiography could become the tech
nique of choice in this clinical setting. It is clear that stress 
echocardiography offers some definite advantages com
pared to nuclear studi-.-s mainly due to the lower costs and 
the Jack of radiation. However. due to tht: considerable skill 
and commitment required by stress echocardiography. the 
final choice of one or the other method will depend on the 
relative strength and reliability of the local laboratories of 
nucknr medicine nnd stress echocardiography. 

We v.i~h to th:.nk :.11 the 1~-chnici:ms. of the nuclear medicine 
labor.~tor~. r~~r their useful cwp..:ration in the acquisition of the 
combin~-d nu.:l.:.~r ;md cchoc<trdlOgraphic studies. 
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CHAPTER 7. 

Comparison of exercise echocardiography with myocardial perfusion 
scintigraphy for the diagnosis of coronary artery disease. 

A Salustri, MMA Pozzoli, AEM Reijs, PM Fioretti, JRTC Roelandt. 

Herz 1991;16;388-394. 
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Thora.xcentre. Division of Cardiology and Department of Nuclear Medicine, 
University Hospital Dijkzigt and Erasmus Unin:rsity, Rotterdam, the Netherlands 

Comparison of exercise echocardiography 
with myocardial perfusion scintigraphy 
for the diagnosis of coronary artery disease 

Summar:.•• 

The rationale of exercise echocardiography for the diagnosis 
of corona.0· artery disease is ba..~d on the detection of exer
cise-induced wall motion abnormalities by ultrasound. Some 
of the problems that had pn::\iously limited the widespread 
application of the test have been solved by the de ... 'C!opmem 
of diglta.l recording and side by side cine loop display of two
dimensional echocardiograOlS: thus, respiratory artifacts can 
be eliminated. the examination is faster, and the comparison 
between rest and stress images has become practical and 
reliable improving sensitivity. 
The sensitivity and specificity of exercise cchocardiography 

\·ary from 70 to 100'%. according tO patient sdcction. the 
protocol. and the gold standard used. Few studies studied 
the value of exercise echocardiography as compan:d to the 
more established nuclear cardiology im;;.ging. Data from 
these comparative evaluations show a strong correlation be
tween the two techniques for identifying and localizing myo
cardial ischemia. 
With good equipment and after proper training. exercise 
cchocardiography can provide both diagnostic and prognos
tic information for routine clinical care. 

Zusamnienfassung: Vergleicb wn Belastungscchokardiogr:.tphic mit myokardialer Pcrfusionsszintigrnphic 
hinsichtlich der Diagno~'tik einer koronaren Hcrzcrkrankung 

Die Entwicklung der digitalen _Cine-Loop··-Tcchnik hat zur 
LOsung des Problems beigetra_g.en. mittels Bclastungsecho
kardiographie auswertbare Bilder bei maxima!er Belastung 
oder unmittelbar danach zu erhalten, und zum wachsendcn 
Interes~ an dieser Methode gdUhrt. Vorliegend stellen wir 
unsere Erfahrung mit der Bclastungsechok:rrdiog:raphie. ins
besondere aueh den Vergleich zur Myokardszintigraphie 
dar. 

Zweidimensionale Evaiuierung l"On Wandbcwcgungs
stOrungen (Tabelle 1) 

Im Untersehied zu Belastung....;..EKG und Szimigraphie wird 
mittels Belastungsechokardiographie die lsehttmie durch ih
re mcehanische Auswirkung. die- Entwicklung einer region3-
len Asynergic. die als einziges Kriterium fUr einen positiven 
Befund gilt und sensitiver SO\\ie spczifischer ist als konven
tionelle EKG-\'etiinderungen und SchmerL. erfaBt. Szinti
graphi::;ch dient lediglich cine \1aldistribution des Radionu
klids als Ischamicmarker. 
Wciterc Vorteile der Be1astun!:!$C"Chokardiocraphie (T:rbdle 
1) sind: die direkte Beurteilbarkeit der Wandbewegung, ihrc 
Sieherhcit und \\'iederholbarkc:lt und damit MOglichkeit zur 
serienmiiBigen Untersuehung. die- einfaehe Teehnik. die re
lativ geringen Kosten, die hohe Spezifitit. da die Entwiek
lung neuer oder ausgepr:igterer WandbewegungsstOrungcn 
lsehtimie voraussetzt. die unmittelbare Evaluierung der Re
sultate selbst bei digtt-aler Akquisition. die kurzc Untcrsu
chungs.zcit. die MOglichkeit. aufgrund d<:r tomographischen 
Tcehnik nahezu jedes Segment des Jinken Ventrikels zu be-

urteilcn, die MOgliehkeit der gleiehzeitigen Evaluierung von 
linksventrikul:irer Funktion und Iseh:imie. 
Nachtcile sind die Abhangigkeit der Untcrsuchungstechnik 
vom Untersucher sowohl hinsiehtlieh D:ncnaufnahme ab 
auch Auswertung, die Bildqualitat. die jcdoch infolge eincr 
Weiterentwicklung dcr Geri.itc und eomputerisierten Bild
verarbeitung verbessert wurde mit Erfolgsquotcn von mirt
lef\veile 90%. im eigcnen Krankengut von 97"/o gegcnU.ber 
75 bis SO%, sowie die fehlende Infonnation U.bcr die metabo
lische Aktivit3t des J:Ierzens. 
Ein Yergleieh versehiedener Studien hinsichtlieh dcr Dia
gnostik einer koronaren Herzerkrankung mittels Belastungs
cchobrdiographie und Koronarangiog.raphic (Tabellc 2) ist 
durch untersehiedlich gewahlte Belastungsarten \vie F3hr
radergometer oder Lautband und untersehiedlieh gew:.J.hlte 
Akquisitionszeitpunkte wic wahrcnd m:rxim:rlcr odcr un
mittelbar nach Belastung erschwcrt. B!!la~tungsinduzicrte 

\VandbewcgungsstOrungcn dauern z,.var in dcr Regel ein bi~ 
fiinf Minutcn nach Beendigung dcr Belastung noch :rn. bci 
wenigcr ausgeprii.gter IsehJmic kommt es j<:doch zu ciner 
raschcren Erholung. So konnte mit Bildcrn, die untcr m:lxi
maler Bclastung auf£-enommen wurden, im Verglcich zu 
Aufnahmen, die nach Belastung rcgistriert wurden. cine gc
ringe Vcrbcsscrung der Sen..-.;itivit3t crziclt werden. 

Vcrg!eich der minds Befastungscchokardiographic und 
Pafw;ionss;;intigrapllic crhaitcncn Rcsulrarc 

Bci Paticnten ohne Myokardinfarkt wurdc in ciner Studie 
cine Scnsitivitii.t zur Erkennung einer signifikantcn koro-
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naren Herzerkrankung von 83"'/o mittds Belastungs.:chokar
diographie und von 74"/o minds pl;~.narer Thalliumszintigra
phie bei einer jcweiligcn Spezifitat ,·on 92% crmittdt. Bei 
Mehr-Gefai3-Erkrankung lag die: Sensitivitat mit 9-1% hOher 
als bei Ein-GefaB-Erkrankung mit 50%. Wird das Tha.Hium
szintigramm als Referenzmcthock h.:rangczogen. konntc 
mittels Belastungsechokardiogramm mit einer Sensitivitiit 
von 100% und einer Spezifitat von 93% cine koronar<: Herz
erkrankung diagnostiziert werden. :-.tit der Einfuhrung der 
"Single-Photon"-Emissionscomputenomographie (SPECT) 
wurde die diagnostische Treffsich.:rheit der Thallium:;zinti
graphie erhOht. 
In eigenen Untersuchungen v.'Urd.:n echokardiographische 
Bilder in Ruhe und unmitrelbar nach Belastung am Fahrrad
ergometer in aufrechter Position mitt<:: I$ cines digitakn .. 0-
ne-Loop"-Systems aufgezeichoet und Ruhc- und Belastungs
aufnahmen zum besseren Vergkich ncbeneinander abge
spielt. Bei 103 Patienten mit n.achgewi.:sener oder vermutc
ter koronarer Herzerkrankung fand sich cine gute Korrela
tion zwischen der mittels MIBI-(Mc:tboxyisobutylisonitril-) 
SPECT erhobenen regionalen Myokardperfusion und ccho
kardiographisch erhobener Wandb.::wegung in Ruhe und un
mittelbar nach Belastung. wobei die Untersuchungen jewcils 
simultan durchgefiihrt "WUrden. Minds MIBI-SPECT ergab 
sich h.iiufiger ein positiver Befund a.b mittels Echokardiogra
phie. Von den Patientcn mit diskrc:pantem Befund \\i<!Sen 
90% reversible Perfusionsdefekte im Bereich dcr inferioren 
bzw. der posterolatera.leo Wand auf: auch fand sich bei Pa
tienten mit vorausgegangenem Myokardinfarkt h;;lufiger ein 
positiver SPECT-Befund. 
Die diskrepanten Befunde la..<;Sen sicb in verschiedener Wei
se erkliiren: 
- rasche Erholung von belastun~ioduziertcn Wandbewe
gungsstOrungen geringen Au..Qllal3c:;_ 
- Waodbewegungsst6rungen in Re:;ionen. die mittels zwci
dimensionaler Echokardiographie ~hwierig erlaJ3bar sind 
(fehlender Kurzachsenschnitt in HOhc: der mittleren Papillar
muskeln). 
- Wandbewegungsst6rungeo in Ruhe bei Zustand nach 
Myokardinfarkt. die die Erkennung ~·on behstungsinduzier
ten WandbewegungsstOrungen erschweren. 
- Ma.Jdistribution des koronaren Blutflusses statt wirklichcr 
Isch3mie. 
Auch bei Patienten mit angiographi~h gesichertcr Ein-Ge
fuB.-Erkrankung fand sich eine gute Obereinstimmung echo
kardiographischer und perfusionsszintigraphischer Bcfundc 
mit 79%. Der Schwercgrad der kor~~oarcn HerLerkrankung 
stand in Relation zur Entwicklung cines positiven Testergeb
nisses; so lag die H3ufigkeit cines positivcn Resultate bt!i 
>70%igen Stcnosen bei" 91%. bei 5(1.. bis 75%igen Stenosen 
lag sie bei 50% und bci <50%igen Stenosen bei 14%. Mit
tels SPECf fa.nd sich bci mittlercm Schweregrad von 50 bi$ 

M yocardial perfusion scintigr.:tphy has been widely 

used for the noninvasive diagnosis of coronary 

artery disease [6. 14. 18]. In the past years. exercise 
echocardiography has been prop<""Sed as a practical and 

useful diagnostic tool for the e,·aluation of patients 

with suspected or proven coronary artery disease. but 
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75~o eine Sensitivitat von 61%. Inter- und Intraobserver
\aria.bilitat waren unserer Erfahrung nach bei der Bela
stungsechokardiographie minimal. Die Anwendung von Al
gorithmen zur routinema!3igen quantitativen Analyse von 
\\'andbeweg.ungsstOrungen wird durch die Bewegung des 
H.::rzens im Raum und die suboptimale AuflOsung bci den 
m.:isten klinischen Untersuchungen verhindert. so dal3 die 
subjektive Interpretation die praktikabelste Beurteilungs· 
form bleibt. Umgekehrt bietet die quantitative SPECf ver
tamiche Information hinsichtlich GrOBe des Perfusionsaus
falles und dessen La.ge. 

Vergleich der mitfe/s Belastungs-EKG un.d. Belastungs
edwkardiog raphie erhobenen Resulrate 

ST-Streckcn-Veriindcrungen weisen einen Mangel an Sen:si
ti\·itat und Spezifitat bei der Diagnostik einer koronaren 
Hc:rzerkrankung auf und geben keinc Information hinsicht
lich Lage und AusmaB einer Ischii.mie. Im Verg!eich dazu 
sch.::int die Belastungscchokardiographie eine hOherc Scnsi
tivitat insbesondere bei Mehr-GcfaB-Erkra.nkung aufzuwei
sen bei vergleichbarcr Spezifitiit (Tabelle 2). So lag die Sen
siti\itat bei 49 Patienten des eigenen Krankengutes mit koro
narer Herzerkrank.ung fiir ST-Strecken-Senkungen bei 55% 
und fiir die Befunde der Bdastungsechokardiographic Dei 
71"'·;,. 

lndikarionen filr die Belasw.ngsechokardiographie 

1. Ein nicht diagnosti.."Cher Belastungs-EKG-Befund. der bei 
etwa 30% der Patienten vorkommt. insbesondere bci asym
ptomatischer ST-Strccken-Senkung. Brustschmerz ohnc 
EKG-Vednderung.en. abnormem Ruhe-EKG bei Links~ 
schenkelblock. linksventrikuUi.rer Hypertrophic mit Repo.la
risationsst6rungen. WPW-Syndrom. unter Digitalistherapie 
odcr nach Myokardinfarkt. n% der Patienten mit einem 
nicht diagnostischen Belastungs-EKG-Befund wiesen im ei
gcncn Krankengut iibereinstimmende Befunde von Bela
stungsechokardiograpbie und Myokardszintigraphie auf. 
30" o dcr Patienten Ubereinstimmend positive Ergebnisse. 
::!. Evaluierung der Rcsultate einer Koronarangioplastie: die 
Belastungsechokardiog:raphie kann zur Identifikation von 
Parienten. die von einer wiederholten Angiographie profitie
ren werden. SO\\ie zu Verlaufsuntersuchungen dienen. 
3. Bei Patienten nach Myokardinfarkt gleichzeitige Bestim
mung von linksvcntrikuliirer Funktion und Restischiimie: die 
Lagc der belastungsinduzi.erten WandbewegungsstOrungen 
gil:>t Hinweise auf das AusmaB der koronarcn Herzerkran
kung. Ein positives Resultat gilt als Pradiktor fur nachfol-
gende kardiale Ereign.isse. · 
~- Evaluierung der funktionellen Bedeutung angiographisch 
suhkritischer Stenosen. Sie kann damit wcsentlich zur klini
schcn Entscheidungsfindung beitragen. 

the difficulty of acquiring good images at peak or im

mediately after stress had limited its use {5. 11. 15-17. 

28. 29]. Recently. the development of digital cine loop 

acquisition systems has overcome this problem. lead
ing. tO increased interest in this method {2. 7. 24}. In 

this article we review our experience with exercise 



echocardiooeraphy, with special reference to its com
parative usefulness with myocardial perfusion scintig
rophy. 

Two-dimensional edaocmtiogrnphic examination 
for wail motion abootm3lities: 
advantages and dis:advallt:ages 

Based on the evaluation of the ischemia-induced wall 
motion abnonnalities, exercise echocardiography of
fers some theoretical and practical advantages over 
other noninvasive methods for detecting coronary ar
tery disease (Table 1): ~entricu!ar wall motion can be 
evaluated, the examination is safe and repeatable. it 
does not require sophisticated techniques, allows for 
serial evaluation of ventricular wall motion, and its 
cost is relatively low. The test is highly specific, since 
myocardial ischemia is requested for the development 
of new or worsened wall motion abnormalities; the 
results are immediately evaluated, even when digital 
acquisition is performed; the time to·complete the ex
amination is short aD.d no much longer than the time 
requested for the exercise ECG testing alone; the to
mographic technique allows the assessment of almost 
every segment of the .left ventricle. From the phy
siopathological point of view, the main difference be
tween exercise echocardiography, ECG testing and 
scintigraphy resides in the different markers of myo
cardial ischemia. With exercise ecbocardiography. 

·ischemia can be detected through its mechanical 
marker. which is more sensitive and specific when 
compared to the conventional marker of ECG changes 
and pain. Moreover, the development of a regional 
asynergy is the only criterion of positivity, and there
fore myocardial ischemia is required, unlike with per
fusion sCintigraphY- where the marker is a maldistribu~ 
tion of the radiotracer. 

As with any technique, exercise echocardiography has 
disadvantages. A major disadvantage is that the tech
nique is operator dependent. both for collection of 
data and for analysis of images. Wall motion is the 
most difficult parameter evaluated with echocardiogra

.phy: thus, a long training is required to become an 
experienced operator and successful application of this 
technique [19]. In the past years, the image quality was 
a limitation. since success rates of obtaining good qual
ity images were only of 75 to 80%. Due to the use of 
more sensitive equipment and the availability of com
puter-assisted image processing (which facilitate the 
acquisition of two-dimensionl ecbocardiograms). most 

Eoho SPECf 

Ventricular wall motion +++ + (ga<ed) 

Serial studies +++ + 

Low cost ++ + 
Specificity for ischemia +++ ++ 

Ischemia as end-point +++ 
No radiation exposure +++ 

Tomographic imaging +++ +++ 

Opera.tor unrelated + +++ 

Perfusion + +++ 

Quantification + +++ 

E.asy interpretation + +++ 

Table L Exercise echocard.i~1~phy versus perfusioo SPECI' imag
ing. 

T:tbelle L Vergleich zv.i,.,:h~n Belastungsecbokardiographie und 
Perius.ions-.. Single-Photon·-Emiss.ionsoomputertomographie 
(SPECT). 

laboratories now report success rates in excess of 90%. 
Finally. exercise echocardiography is dependent on de
velopment of the end effect of myocardia] ischemia, 
i.e. wall motion abnormalities, but does not give infor
mation on the metabolic activity of the heart. 

Problems with different exercise modalities 

Several studies have compared the results of exercise 
echocardiography v.ith those of coronary angiography 
(Table 2) [3. 5. 10. 15-17. 20. 23, 27-29]. A direct 

Authors. )~M Ecl>o ECG 

"'"' Speo "'~ Speo 

W:tnn et :tl. [29) 19~9 67 100 29 100 

Morganroth et al. [17] 1%1 63 91 59 91 

Maurer:~nd Nand:t [16] 1%1 70 92 52 77 

Quinones (23) !9S-+ 92 88 
Cr;;wford et ;;!. [5] 19S:> 72 100 
Lim:tcherel :tl. [15] 1%:> 91 88 7l 94 
Visser et al. [28] 19$3 69 92 58 85 

Ginzton ct :tl. [10] 19:'-1 70 100 48 -100 
J;;;;rs.m:t et al. [12] 1986 77 95 

Armstrong et :tl. [3] 1987 S7 86 

Sheikh eta!. (27] 1990 8l 92 23 92 

Pozzoli Cl al. [20] 19':11 71 % 55 81 

T;;blc 2. Results of exerci~ echocardiogr;aphic studies. (Echo ; 
exercise cchocardiogr;aphy: ECG = exercise ECG test. Values for 
sensitivitie:- [Sen:-] and :-p.:~ificiti~ [Spec] are expre=d;c; %.) 

T:tbelle 2. ErgebniS~>e verxh•ed~ner S1udien zur Beiagungsecl'loi:ar-
diot:raphic. (Echo = B~b~tung~hok:trdiogr;;phie; ECG = Bei:t-
stung:>-EKG: Wcne fUr Sen~Lii,it;~t [Sens] und Spezifiliit [Spec) siod 
in Prozenl ausgcdrikkt.) 
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·comparison of these studies is not easy. due tO the 
different modality of exercise (bicycle or treadmill) 
and the different timin& of image acquisition (peak or 
immediate recovery period). Although previous 
studies have demonstrated that exercise-induced wall 
motion abnormalities persist for one to five minutes 
after termination of exercise [16. 29]. some patients. 
especi.:lily if the ischemia is not severe. exhibit a rapid 
r<::covery of their wall motion changes after exercise. 
Presti ct al. [22] compared the n:sults of stress cchocar
diography at peak exercise and after bicycle exercise. 
They concluded that the addition of cchocardiographic 
images at peak exercise slightly enhances the sensitivi
ty for the detection of coronary artery disease with 
exercise echocardiography. 

Comparison with m)·ocardial perfusion scintigraph)' 

Exercise echocardiography has been compared to 
radionuclide exercise tests in few studies. Maurer and 
Nanda [16] have shown in patients without previous 
infarction a sensitivity for detecting -significant .. coro
nary disease of 83% by exercise echocardiography and 
of 74% by exercise redistribution planar thallium 
scintigraphy. The specificity was 92% with both 
methods. Sensitivity was much hi_gher in patients with 
multi-vessel disease than in patients with single-vessel 
disease (94% vs50%). Henger a!. [11] reporter 100'% 
sensitivity and 93% specificity for detecting coronary 
artery disease by exercise echocardiography. when 
thallium scans were used as gold standard. In both 
studies planar scintigraphy was pcrformed. The intro
duction of single photon emission computed tomo
graphy, however. has significantly improved the 
diagnostic accuracy of the scintigraphic technique for 
detecting myocardial ischemia [6. 18]. 

We have evaluated the diagnostic accuracy of this tech
nique at our institution using several standards. includ
ing myocardial perfusion scintigraphy (either with 201 
T1 or 99m Tc MIBI) and coronary angiography. In 
recent yeJ.rs our 13boratory W3$ able to obtain analyz
ablc two-dimension:~] echoc::~rdiograms in 97'% of all 
patients studied. Tho: combined cchocardiographic and 
scintigraphic tests ar<.' performed simultaneously. in 
conjunction with the same upright bicycle exercise test. 
Two-dimensional echocardiograms are obtained at rest 
and immcdi?tcly after a symptom-limited exercise test. 
The rest and post-exercise images arc both digitized 
on-line. using a digitaL.cine-loop system: this system 
allows for subsequent review 3$ a continuous loop for-
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mat at v:uious play-hack speeds in a quad screen for
mat. As a result. tho: pre- and post-exercise viev,rs arc 
displayed in a side-by-side manner, making the com
parison of the images easier. In a first study [21]. we 
compared exercise echocardiography with MIBI 
(methoxyisobutylisonitril) SPECT in terms of their 
ability to elicit an ischemic response in 103 consecutive 
patients with either proven or suspected coronnry ar
tery disease. Vle found a g.ood correlation between 
regional myocardial perfusion and regional wall mo
tion, both at rest and after exercise. The data of this 
study also suggested that MlBI SPECT detects more 
patients and more ventricular regions with "ischemia"'. 
Among patients with "ischemia·· on SPECT. but with
out new or worsened wall motion abnormalities, 90%, 
had reversil:lle perfusion defects in the inferior and/or 
posterolateral wall. Moreover. there was a trend to
wards this pattern of disagreement (SPECT positive. 
echo negative) for patients with a previous myocardial 
infarction. in which the SPECT imaging was more fre
quently positive. 

These findings can be explained in several ways: 
- the rapid recovery of small areas of exercise-induced 
wall motion abnormalities: 
- the development of wall motion abnormalities in 
areas which are difficult to be picked up by two-dimen
sional echocardiography: 
- the presence of significant wall motion abnormalities 
at rest in patients with previous myocardial infarction. 
which make it difficult to detect exercise-induced wall 
motion abnormalities; 
- maldistribution of coronary blood flow. rather than 
true ischemia. 

The relative: importance of these factors was analyzed 
in more detail [20. 26] and our findings suggest that 
these patients have a smaller ischemic zone than pa
tients with both tests positive_ Furthermore. the inabil
ity to record short-axis views at mid-papillary muscle 
level andlor a delay in acquiring post-exercise imaging 
play a critical role in determining these' '"false-nega
tive" echocardiographic studies. Indeed. the endocar
dial surface is more perpendicular to the echocardiog
raphic beam in the parasternal views than in the apical 
views. and thus the ability to detect subtle wall motion 
abnormalities is related to the use of multiple views. 

We also evaluated the relationship between exercise 
echocardiography and perfusion SPECT in a group of 
patients with single-vessel disease of different severity 



assessed by quantitative coronary arteriography [26]. 
Again, there was a good overall agreement between 
the echocardiographic and the perfusion imaging 
(79%). Compared to patients with both tests positive, 
patients with negative echocardiogram and positive 
SPECT required a longer time for acquiring post-exer
cise echocardiog:raphic images, and the ischemic area 
was smaller (as reflected by a lower mean ischemic 
perfusion score index). Accordingly, the time needed 
for acquiring the stress echocardiographic images play 
a very important role in assessing the severity of dis
ease w:ith p:ercise echocardiography. Our results also 
showed that the severitY of coronary artery disease is 
related to the development of a positive test; the inci
dence of a positive exercise ·echocardiography was 
91% in patients with a diameter stenosis >70%, com
pared to 50% in patients with stenosis of intermediate 
severity (50 to 70%) and to 14% in patients with "non 
significant" coronary artery stenosis (<50%). 

It could be argued· that visua1 assessment of wall mo
tion is difficult. subject to bias and poorly reproduc
ible; we have assessed inter- and intraobserver vari
ability in a subgroup of patients, and we found them 
n:Unimal [21 ]. This was due to the common and specific 
training in stress echocardiography that our group 
completed at the Thoraxcenter. We agree that a more 
objective method of evaluation would be desirable. but 
limitations of any quantitative method must be 
realized. The difficulty of correcting for spatial move
ments of the heart and the sub-optimal resolution of 
most clinical examinations hampers the application of 
algorithms for routine quantitative analysis. To date. 
subjective interpretation of wall motion abnonnalities 
remains the most practical approach [13]. Conversely. 
our experience and that of others [4] indicates that 
quantitative SPEer offers reliable infonnation. pro
viding accurate determination of perfusion defect size 
and site. 

ComparisoD witll exercise ECG testing 

Routine exercise ECG testing remains the most com
mon test for the non-invasive assessment of coronary 
artery disease. However, ST segment abnormalities 
lack of sensitivity and specificity. and no information 
on the site and the extent of ischemia can be derived 
[9]. 

The comparison between exercise echocardiography 
and exercise ECG testing is represented in Table 2. In 

comparison \\ith exercise ECG. exercise echocardiog
raphy appears to have better sensitivity (especially in 
identifying patients \\ith multivessel disease) and com
parable specificity. These data suUest that exercise 
echocardiography is a much better diagnostic test for 
coronary artery disca:«: than exercise ECG testing. but 
there are practical and cost considerations limiting 
widespread routine application. 

In our laboratory. analysis of the ECG recorded simul
taneously with the exercise echocardiographic test 
showed that in a group of 49 patients with coronary 
artery disease. the e:-.;¢rcise ECG was positive in Zl 
(55%) and normal in 22 (-1-5%). In the same group of 
patients. sensitivity oi exercise echocardiography was 
71% [20]. 

Indication for exercise eehocardiography 

1. Parients wirh a non-diagnostic response 
to exercise tesr: 

In our experience. a non-diagnostic exercise test oc
curs in approximately 30% of patients referred for 
evaluation. The non-diagnostic ECG response to exer
cise includes the follO\\ing: 
- Asymptomatic ST segment depression 
- Chest pain \\ithout ECG changes 
- Abnormal ECG ar rest (left bundle branch block. 
left ventricular hypenrophy with left ventricular strain, 
Wolff·Parkinson-Whitc- syndrome, digitalis. post-in
farction). 

Our experience has shown that in this subset exercise 
echocardiography is of most value. offering the oppor
tunity to identify patients with coronary artery disease. 
In the subgroup of patients with a non-diagnostic re
sponse to bicycle erg~..,merry. 77% had concordant re
sults between exercise .:chocardiography and myocar
dial perfusion scintigrJ.phy and 30% bad both tests 
positive [21]. Thus. ex.:rcise echocardiography could 
be the imaging procedure of choice for evaluating pa
tients with non-diagno:>tic ECG response to exercise or 
in whom coronary anery disease is still suspected after 
a negative exercise te5ting. 

2. Parients posr-angioplasry: 

Restenosis within six m~)nths occurs in about 30% of 
patients who undergo percutaneous trans[uminal coro
nary angiopl:.tsry. Exen:::i~ echocardiography will be of 
value in evaluating the Tt.>sults of coronary angjopiasty. 
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identifying those patients who would benefit from re
peat angiography. Our experience indicates that exer
cise echocardiography is very helpful in the follow up 
of these patients. providing similar information to 201 
Tl SPECT [8]. 

3. Patients who have had a myocardial infarction: 

Exercise echocardiography offers the unique oppor
tunity tO evaluate both left n:ntricular function and 
residual ischemia in patients following myocardial in
farction. The site of exercise-induced wall motion ab
normalities allows w predict the extent of coronary 
artery disease. A positive exercise echocardiography is 
a strong predictor of subsequent cardiac events [25]. 

We found a slightly higher incidence of transient perfu
sion defects without new or worsened wall motion ab
normalities in patients with a previous myocardial 
infarction when compared ro patients without such a 
history [21]. however, exercise-induced wall motion 
abnormalities in the infarct zone are difficult to de
tect because of significant wall motion abnormalities at 
rest [3]. 

4. Evaluation of the functional significance of coronary 
lesions •dzich appear subcritical angiographica!ly: 

Exercise echocardiography is t)ften helpful in evaluat
ing some ambiguous coronary angiographic studies. 
·we have already eYaluated the correlation between 
exercise echocardiography. SPECT. and coronary an
giography [26]; our findings indicate that for stenosis 
of intermediate severity (50 w 10% ). new wall motion 
abnormalities were detected in 50% of the patients by 
exercise echocardiography and transient perfusion de
fects by SPECT in 61% of the patients. Although coro
nary angiography is used as the _gold standard for coro
nary artery disease. the functiQnal consequences of a 
given stenosis (as evaluated 'by exercise-induced wall 
motion abnormalities and/or transient perfusion de
fects) are often paramount in the clinical decision 
making. 

Conclusion 

Exercise cchocardiography is a versatile and reliable 
technique with a diagnostic accuracy similar to that of 
the more established radionu<..·lide tests. Digital cine 
loop acquisitiOn and proper training arc pre-requisites 
to utilize the potential role of this technique at its max
imum. We totally agree that -exercise echocardio-
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graphy is ready. willing and able for an expanded role 
in patient evaluation- [1]. 
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Dobutamine stress echocardiography: its role in the diagnosis of coronary 
artery disease. 
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Dobutamine stress echocardiography: its role in the diagnosis 
of coronary artery disease 

A. SALUSTRI"'t. P.M. FIORETil"'. M. M.A. Pozzou*. A. J. McNEILL* AND]. R. T. C. ROELANDT* 

*Thoraxcenrer, Division of Cardiology. University Hospital Roll<!rdam-Dijkzigt and Erasmus University Rotterdam, 
andtln!erunirersity Cardiology Institutl.' of the Netherlands. NL 

KEY WORDS: Stress echocardiography. dobutamine. exercise testing. 

We have assessed the usefulness of dobutamine infusion for the diagnosis of coronar_,.,· artery disease by using two
dimensional echocardiography and 12-lead electrocardiogram. Dobutamine was infused or incremental doses (up to a 
maximumof40 pg kg- 1 min- 1

) in 52 patients with chest pain: a/1 thf! patients underwent coronary angiography; significant 
coronary artery disease was quanritatil·ely defined as ;;::50% diam.:wr stenosis. Thirty-six patients a·ere on betablockers. 
The test11·as considered positil'e when new regional1mll motion abnormalities appeared during dobutamine infusion. J..:o 
significant side effects occurred in any paJienr during the t(!st. Transient wall motion abnormalities lt·ere detected in 20 of3 7 
patients with coronary artery disease (sensitivity=54% ): ischaemic ST segment changes were present on ECG in nine 
patients (sensitil·ity=24%). Dobutamine stress echocardiography was negative in 12 of 15 patients with coronary artery 
diameter stenosis <50% ( specificity=80% ). Exercise electrocardiography ( ECG) y.·as performed in 35 of these 52 
parienrs. Maximum heart rate and sys/0/ic blood pressure lt·ere significantf.v higher during exercise than during doburamine 
stress rest ( 127±23 vs 99±24 beatsm!ir-'. P<O·OOOJ: 179±25 n 152±30 mmHg, P<O·OOOl ). The exercise ECG rest 
was posith·e in 12 of/he 26 patients lt·irh significant coronary artery disease (sensitil·ity=46%), and doburamine stress 
echocardiography in 16 ( sensith·if_l·=62%). Dobutamine srressechocardiography test is a safeandfeasiblediagnosric test 
for the nonini'OSil'e diagnosis of coronary artery diseast' and can be performed in patients unable to exercise. It provides 
similar diagnostic accuracy compared to routine exercise resting. adding information on the location and extent of 
myocardial ischaemia. 

Introduction 

The diagnosis of ischaemic hean disease relies on 
symptoms and on the typical ST segment changes on the 
ECG. HoweYer. myocardial ischaemia may occur in the 
absence of symptoms and electrocardiographic ST seg
ment abnormalities lack both sensiti,ity and specificit!.[1J. 
Recently. exercise induced transient wall motion abnor
malities detected by two-dimensional echocardiography 
have been used as additional markersofischaemiai~.;J. but 
obtaining good quality peak or post-exercise images is not 
always easy. even when a digital acquisition system is 
used. Therefore, alternative pharmacological stresses have 
been proposed. having the advantage of good quality 
two-dimensional echocardiograms and being applicable 
in patients unable to exercise. The most commonly 
used pharmacological stress is dipyridamole, :.1 potent 
coronary vasodilating: agent. and its use in both the 
diagnosis and prognosis of coronary artery disease is well 
establishedl.Jl. Less information is available on dobuta
mine, an adrenergic stimulator whose effect can be 
regarded as more similar to that of an exercise tcstl~l. 

The aim of the present study was to investigate the 
clinical value of dobutamine to provoke myocardial 
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ischaemia detected by symptoms, ECG and two
dimensional echocardiography in a group of symptomatic 
patients who also underwent coronary angiography. 
Dobutaminc test was also compared with bicycle exercise 
electrocardiography. 

Methods 

SITDYGROUP 

We studied 52 consecutive patients with chest pain. 
referred for coronary aneriography. Their age ranged 
from 25 to 77years (mean 58± II years); 38 were men. 14 
were women. Fourteen patients had a previous myocar
dial infarction; seven had undergone previous balloon 
angioplasty. Patients v.ith unstable angina. congenital 
or acquired valvular heart disease. cardiomyopathy. or 
preYious cardiac surgery were excluded. To make this 
study similar to the clinical situation. we decided not tO 

discontinue the medication before the dobutamine stress 
testing. Thirty-six patients were taking betablocking 
agemseither alone or in combination with nitrates and/or 
calcium-channel blocking agents. 

DOB'!.JT Al>flNE STRESS TEST 

Dobutamine was administered intravenously with an 
infusion pump, at incremental doses. up to a maximum of 
40 ).lg kg- 1 min- 1

• In the first 30 patients we used steps of 
5 ).lgkg- 1 min- 1 for 3 min; in the last 22 patients the proto
col was accelerated to steps of IO 11g kg- 1 min- 1 for 3 min. 
and the maximal infusion rate was prolonged for another 
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3 min in negative studies. The ECG was continuously 
monitored (leads 11. V~ and \'5) and 12-lead ECG 
recording and cuff blood pressure measurement were 
obtained before and each minute during the test, up to 
IO min after the end of the infusion. Computer averaging 
of the ECG signal was obtained by the Schiller System 
CSG/12. A ;:: I mm horizontal or downsloping ST seg
ment depression occurring at 80 ms after the J point or an 
ST segment elevation were considered as an ischaemic 
response. End points of the test were: angina pectoris. 
severe hypertension (;:: 230/130 mmHg) or hypotension 
(fall ;<:20 mmHg). arrhythmias {ventricular tachycardia 
or other life-threatening arrh:ythmias) and evident 
new wall motion abnormalities on the two-dimensional 
echocardiogram. Heart rate was not a criterion for termi
nation. Metoprolol and sublingual nitrates were available 
as antagonists in case of prolonged chest pain or other 
major adverse effects. 

ECHOCARDIOGRAPHIC STIJDIES 

The two-dimensional echocardiograms were performed 
with the patient in the left lateral decubitus position. using 
a commercially available wide angle phased array 
imaging system (Hewlett Packard Sonos 1000). Two
dimensional echocardiograms under resting conditions 
included all standard views, when possible. If a transducer 
position was coincident with one of the ECG pre1:ordial 
leads. the ele1:trode was placed one intercostal space 
lower. During the test. new wall motion abnormalities 
were searched for in different \iews. by rapidly moving 
the transducer. Echocardiograms were continuously 
monitored during the provocati\"<! test and up to IOmin 
thereafter and recorded on video tape during the last 
minute of each step. Furthermore. both the studies under 
basal conditions and at the maximal dose of d<'butamine 
were digitized on-line with a digital image acquisition 
system (PreVue III Nova Microsonics. ATL). This system 
allows the recording of one representative cardiac cycle 
obtained in the basal state and its storage in the memory 
of the system in a format eight cells deep: the procedure 
is repeated for each of four different views (in general. 
parasternal long- and short axis. apica14- and 2-chamber 
views) and then stored again in a quad-screen format. 
At the maximal dose of dobutamine. four conSC{;:utive 
cardiac cycles for each view are similarly captured~ the 
cycle with the best image quality is then sekcted and 
displayed side by side with the corresponding images at 
rest. Two different quad-screen formats conuining the 
basal and peak images were finally stored on 5· 25 inch. 
double-sided. high-density floppy disk and re--iewed as a 
continuous loop at different play back speeds. 

Two experienced observers. unaware of the results of 
the ECG or coronary angiography. reviewed all the video 
tapes and the digital images and reached a consensus on 
the grading of each study. For purposes of analysis.. the 
left ventricle was divided into fise segmenL-c;: anterior. 
inferior and lateral walls. inter.-entricular septum and 
apex. Both systolic wall thickening and inward motion 
were evaluated and according to a generally accepted 
qualitative analysis!61 left ventricular wall motion was 
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graded as normal. hypokinetic, akinetic and dyskinetic; 
positivity of the test was linked to the development of new 
wall motion abnormalities. On this basis. a wall motion 
abnormality already present in basal conditions was not 
considered as a positive test. 

BICYCLE EXERCISE TESTING 
In 35 patients. symptom limited upright bicycle exercise 

test with stepwise increments of20 Watts each minute was 
performed within 15 days of the dobutamine test. In the 
other 17 patients. the test was not performed because of 
contraindications (n=7). or was performed either> 15 
days apart from dobutamine stress echOcardiography or 
during a different pharmacological treatment. We applied 
the same ECG recording system and the same criteria as 
that used for the dobutamine testing. 

CORONARYARTEUOGRAPHY 
All patients underwent selective right and left coronary 

arteriography using the Judkins technique. The deter
mination of coronary artery dimensions was performed 
with the computer-based Cardiovascular Angiographic 
Analysis System (CAAS), as already reportedf71. Briefly. 
boundaries of the relevant coronary artery segment are 
automatically detected from optically magnified and 
video digitized regior.s of interest of a selected single 
cine-frame angiogram. The diameter of the guiding 
catheter is used as a scaling device for size calibration. A 
computer estimation of the original arterial dimension at 
the site of obstruction is used to define the interpolated 
reference diameter. The interpolated percent diameter 
stenosis is then calculated and averaged from at least two 
projections. A vessel was considered to have significant 
obstruction ifitsd.iameterwasnarrowed by 50% or more. 

ST A TISTlCAL ANAL YSlS 

Values are reported as mean±SD. The calculation of 
sensitivity. specificity and accuracy relied on the standard 
definition. Paired Student's t-test and McNemar's test 
were applied, when appropriate; P values < 0·05 were 
considered significant. 

Results 

Some clinical data and the results of the dobutamine 
stress echocardiography. exercise ECG test and coronary 
arteriography in all the individual patients are presented 
in Table 1: Quantitative coronary measurements' were 
performed in 31 patients: in the remaining 21 patients 
visual analysis was done, either because of normal 
coronary arteries (n = 6). diffuse coronary lesions and/or 
occlusion of the vessel (n=8). or less than two projections 
on films (n = 7). Fifteen patients had normal or not 
significantly obstructed coronary arteries and 37 had 
significant coronary artery disease; of these patients, 20 
had one-vessel, 10 had two-vessel and seven had three
vessel disease. The results of exercise ECG and dobuta
mine stress echocardiog:raphy in the study group are 
schematically displayed in Fig. L 



TuM· I lk.HIIts of dohutomin~ .s/n'.IJ tcs/, t'.H'HiH' ft•,,tumlwronurymtah•xrap/ly 

Dobut<Jmine test Exerdse te>t Arteriography 

Patient Ag' Sex Ml bB Dose ST ST HR SBP r-WMA n-Wl\IA AP WL HR SBP AP LAD LC RCA 
(Jtg kg 'min ') (tl~pr~,,i,m) (tl~prc.,~ion) 

I "' F + J5 ,,, 140 INP IVS 100 " 130 VS-6 + 50 " 2 59 M + )0 " 120 IVS ](,\) 122 lfoU li-111-V4/I'i ton ll 57 
J 44 M + + "' 124 140 t\NT 140 171 \'JU (,0 

·I 1>1 M + + 411 12 I 15 JNF INP+LAT 100 \l(, 140 "' "' ' "' M I + 2~ 121) Du INF INF aVL-V2 l(o() 155 l'JU 54 

" 45 M + JS ')6 J)U INF + 140 121 llW V4/C• + too• 
1 " M + + 35 HH [4(1 JNr INP + LAT VJ/6 + not p~rfurm,.U >50 >50 >SO• 

' 67 M + 411 110 160 ANT 140 116 210 YJ/5 + 62 64 
9 60 M + + 35 90 115 IVS '" 130 200 61 

Ill 68 f + <a 70 155 so 135 ISO 24 IS 
II 54 F + 35 94 115 IVS 140 169 ISO V4-5 - normal 
12 53 M + 30 126 115 160 152 215 normal 
I) 10 M + 40 121 200 IVS Y4/6 + not performed 64 66 62 
14 64 F + 40 ')!) 220 - too H3 140 - normal 
15 15 M + J5 tot 11>0 - INF+IVS V4/6 ntl\ perform~tl >50 100 wo• 
16 60 p + JO 96 160 IVS 11-aVP-VS-6 60 " 150 11-111-aVF 100 >50 >50' 
17 45 M + 40 11 140 - not performed 64 99 
18 11 p + 40 80 l41J 1>0 '" 170 V)/6 50 ., 
19 56 M + 40 92 lJO 120 Ill 160 - 59 
20 60 M + Jj 124 155 INF + 60 116 ISO V3/5 + 54 11 

" 42 M + + 40 10 115 \NF+LAT tHO IJH tHO + 62 55 
22 65 M + + 40 116 130 INF not pcrfornwJ 57 61 

>-' 23 52 M + 40 " '" 140 100 220 41 34 
0 24 61 f + 40 61 110 HO 07 [(,0 16 
th 25 10 M + 40 " 170 not pcrftnm~J "' 



0 26 38 M + 40 64 195 - 180 115 170 - 15 
0\ 27 52 lp - + 40 69 130 INF + 140 150 190 + 71 

28 46 M + 40 90 140 APEX - not performed >90' 
29 49 M + 40 120 135 APEX - + not performed 15 
30 5I F + 40 136 150 INF V4/6 not performed >50' 
31 71 M + + 40 104 110 IVS - - not performed 66 
32 59 M + 40 80 200 - - 170 121 115 - >50' 
33 lO M + + 40 90 190 INF - not performed 38 47 
J4 , .. M + 40 119 140 ANT+IVS - + 120 126 180 V4/6 + >50' 

·35 4l M - + 40 120 140 - - 90 115 160 - + 100' 
36 68 M - + 40 97 135 - - not performed <50' 
37 60 F - 30 108 165 ANT+IVS V4/6 80 167 220 11·111· - >lO >lO >50' 

aVF-Vs-6 
38 69 M - - 40 90 220 - ANT+IVS - 120 121 200 V4/6 >SO• 
39 77 F - 40 IJO 120 - - not performed normal 
40 60 M 25 92 160 JVS+APEX VS-6 + 100 101 170 11·111· + 71 57 

uVF-V3/6 
41 68 F - 40 138 180 - + not performed <50' 
42 60 F 40 100 IRO INF + 120 113 150 + normal 
43 73 M 40 132 140 + 140 121 165 + 46 
44 5R M + 40 '" J(,() IVS !(,{) 172 190 100' 
•IS ,., M + 40 I.~ I [(,.~ nut pcrfurrnctl " 46 46 M 411 125 2\H~ APEX IHO [J7 I!JH 51 
47 65 M + - 20 140 150 + IXO 1511 220 37 
48 38 M + )5 115 115 INF+LAT INF+LAT + 160 115 145 V4-5 50 ](){) " 49 57 M 35 127 12() Ill IHtl IJ? 225 " \(){1 

(clcvatinn) 
50 25 M 411 1.14 120 not rwrrnrmc•tl nnrnwl 
5I 72 F 411 125 ISO nut pcrli>r111cd 41 
52 69 M + - 40 94 190 INF 80 119 215 100' 

Ml =previous mync;1rdial inf;m;tion; hll= bdablocku therapy; JIR =maximal hcurt rate (hc<!ls min ');SUP= nwximal ~)'-~toll.: h!oull prcs,un: (mmllg), r-WMA = w;lll motion ahrwrmalitks at 
rest; n-WMA =new wall motion abnorm:11ities; AP=angina pectoris; WL=ma,..imal worklo:~d (Watts); IVS=intervcntricularseptum; INF=infcriur wall; LAT=Iateral wall: ANT=anterior 
wall; LAD=left anterior descending artery; LC=Ieft dreumfte"' artery: RCA =right coronary artery.' =Visual assessment of coronary arteriography. 



The full dose of dobutamine was not given in 16 
patients. primarily because of angina in six patients. 
evident new wall motion abnormalities in eight. short 
run of ventricular tachycardia in one. and ST segment 
elevation in one. 

HAEMODYNAMIC RESPONSES 

From the basal state to the peak effect of dobutamine. 
heart rate increased from 62 ± I 0 beats min- 1 to I 02 ± 26 
beats min- 1 (P<O·OOI). while systolic blood pressure 
increased from 129±19mmHg to l49±34mmHg (P= 
0·002). Peak heart rate was higher in the 16 patients 
v.ithout than in ~he 36 patients with beta blocker therapy 
(122±20 vs 94±21 beats min- 1

• P<O·OOOI). while the 
difference in systolic blood pressure was not statistically 
significant (l58±30vs 149±28mmHg). 

DOBUTAMINE STRESS ECHOCARDIOGRAPHY 

Analysis of the two--dimensional echocardiograms was 
possible in all patients both in basal conditions and during 
the infusion of dobutamine. When analysed separately. 
there was complete agreement between the results 
analysed from the video lape and from the digitized 
images on floppy disk. 

In l3 patients an abnormal wall motion was present at 
rest; 10 of these had a documented previous myocardial 
infarction. A transient regional wall motion abnormality 
was detected during dobutam.ine stress echocardiogra ph y 
in 20 of the 37 patients with coronary artery disease 
{54%). All these patients bad a significant stenosis in the 
coronary vessel supplying the regions that demonstrated 
wall motion abnormalities after dobutamine. Maximal 
heart rate and systolic blood pressure were similar when 
these 20 patients were compared with the 17 patientS with 
significant coronary artery disease and a false-negative 
test (to! ±20 vs 102±28 bealS min- 1: 153±28 vs 148 ± 
27 mmHg. NS). but patients with a positive test had a 
higher prevalence of multiple vessel disease {65% vs 
35%). In five patients wall motion abnormalities devel
oped at a dose of dobutamine ::5:30 p.g kg- 1 min- 1

• while 
in 15 patients a positive test was achieved at a dose 
>30 p.g kg- 1 min- 1

• Sensitivity of dobutamine stress 
echocardiography was highest in patients with diffuse 
coronary artery disease (Table 2): in particular. in all 
seven patients with three-vessel disease transient wall 
motion abnonnalitiesweredetected,compared to eight of 
the 20 patients with single vessel disease. The relation 
between the results of dobutamine stress echocardio
graphy and the severity of coronary artery stenosis was 
assessed in 43 patients (Table 2): this group included 31 
patients in whom coronary quantimtive measurements 
were done and 12 patients with nonna! or occluded 
vessels. The prevalence of a positive test was directly 
correlated to the severity of the stenosis. 

Of the 15 patients with <SO% coronary stenoses. 
dobutamine stressechocardiography was positive in three 
(specificity=80%): in all these patients the wall motion 
abnormalities occurred at a dose ~35p.g kg- 1 min- 1

• 

Wall motion abnormalities were accompartied by symp
toms in one patient. The overall diagnostic accuracy of 
dobutamine stress echocardiography was 62%. 

We compared the results of dobutamine stress 
echocardiography in the subgroups of patients with and 
without beta blocker therapy. No significant differences in 
sensiti\ity. specificity and diagnostic accuracy were found 
{54% \-s 56%. 75% vs 86%. 62% vs 69%. respectively). 
Howe\·er. the two groups were not comparable. since 
the patients on betablockers had a higher prevalence of 
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coronary artery diSd!se (78% vs 56%). 
Diagnostic ST segment changes were induced by 

dobutamine in nine patients (24%) with significant 
coronary anery disease. Eight patients had ST segment 
depression and all developed new wall motion abnormali
ties. One patient with normal ECG at rest showed 
transient ST segment elevation in the inferior leads. 
without evident wall motion abnormalities. No patients 
with <50% coronary stenoses developed ST segment 
depression. 

Anglna pectoris occurred in l3 patients; nine of them 
had significant coronary artery disease. In eight of these 
nine patients. echo...--ardiography was also positive. 

EXERCISE ELECTROCARDIOGRAPHY TEST 

In the 35 patients who performed both dobutamine 
echocardiography and exercise electrocardiography tests. 
peak he:an rates and systolic blood pressures were signifi
cantly higher during exercise than during dobutamine 
(127±23 vs 99±2-l- beats min- 1

• P<O·OOOJ; 179±25 
vs 152±30mmHg.. P<O·OOOI). ST segment depression 
occurred in 12 of the 26 patients with coroilary artery 
disease and in one patient with normal coronary arteries. 
resulting in a sensitivity of 46% and a diagnostic 
accuracy of 57%. Concordant results with dobutamine 
echocardiography \\-ere present in 28 of these 35 patients 
(80%). 

When comparing: the results between dobutamine stress 
echocardiography and exercise electrocardiography in 
this subset of 35 patients. no statistically significant 
differences in sensitivity. specificity and accuracy were 
found (62% vs46'%. 67% vs 89%.63% vs 57%. respect
ively). However. among the 26 patients with significant 
coronary artery di:;ease. dobutam.ine stress echocardio
graphy was positi'><! in 16 and exercise ECG in 12 (Fig. 
1); the difference was due to patients with single-vessel 
disease (Fig. 2). 

ADVERSE EFFECTS OF DO BUT AMlNE 

Side effects during dobutamine occurred in 16 of the 52 
patients (31%). i-<'one of these was severe and the test 
could be: completed in all but one patient who developed a 
short run of ventricular tachycardia (three complexes) 
without wall motion abnormalities. Multiform premature 
ventricular beats and/or couplets occurred in eight 
patients. Junctional tachycardia developed in one patient 
and atrial fibrillation in another; both terminated spon
taneously 3 min after the end of the infusion. One patient 
had nausea and a fall in blood pressure (30 mmHg) during 
the last step ( 40 ).lg kg- 1 min- 1

). Chills immediately after 
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52 Pcments 

~~ 
Xto;.>';1 
n <:55 

(CAD' 26) 

n•l3 A ~n•22 
(CAD' 12) (CAD,I4) 

t t 
DSE DSE A"" A~ 

n' 12 n' I n•6 IS 
(CAD•II) (CAD•I) (CAD' 5) (C:.O' 9l 

No X lest 
~-' 17 

(C!O•TI) 

I 
l 

:s;;: 

~~ 
n • 5 n • 12 

(CAD•~: (,:AQ•7) 

Fif;urc I Outcome of exercise elecrroca.rdiogrnph:;• (X Tet) and 
dobutamine stress echocardiography (OSE) in the study group. X 
T<..-st =exercise testing performed. No X Test"' exerci:;.c testing not 
performed. CAD=coronary anery disease (diameter stenosis 
::.:::50%). DSE=dobutarninc stress echocardiography. +"'positive 
test. - =negative test. 

TuNe 2 Resufrs of dobwaminc sm:ssechocardiography according to 
''"'number of diseased ressels (number of vessels) l1lUf zhe SCW'fity of 
coronary artery Sf<'nosis (diameter stenosis) 

Number of patients DSE-;-

!'umber of vessels 
0 15 3 (20%) 
I " s (40%) 
2 10 5 {50%) 

7 7 (100%) 

Diameter stenosis 
" <50% 13 3 (23%) 

50--70% 18 7 (39%) 
>70% 12 s (67%) 

DSE-1- =patients\vithpositivedobutaminestressechocud.iographv. 
1{) . 

Number of d•seosed vQSSels 

Fir:uf(' 2 Prcval.::oce of ischacmic n:.-spoosc on c:~:ercise dectro
cardiogr-.~phy (open bars) and dobutamine stress echocardiogr<~phy 
(closed bars) according to the number of vessels voith ;:::50% 
diameter stenosis. 
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the end of the infusion occurred in six patients and lasted 
at maximum 5 min. Intravenous metoprolol (5 mg) 
was given in five patients because of ST segment 
elevation. prolonged chest pain. or severe wall motion 
abnormalities, which were promptly reversed within 
1 min. 

Discussion 

Dobutamine is a sympathomimetic drug which 
stimulates the fil-. {J2~ and al-adrenorcccptors in the 
cardiovascular system15l_ Clinically. it is used intra
venously for short term treatment of acute congestive 
heart failure. Because of its pronounced inotropic effect 
and its chronotropic effect at higher doses dobutamine 
infusion can be used as a pharmacological stress test to 
induce myocardial ischaemia in patien& with reduced 
coronary reserve(~l. Experimental data indicate that in the 
presence of severe coronary artery disease dobutamine 
can induce inhomogeneous perfusion leading to transient 
myocardial ischaemiar9

-
11

l, This results in a wall motion 
abnormality which can be detected by two-dimensional 
cchocardiographyli1l. Some studies have indicated the 
clinical potential and usefulness of dobutamine to induce 
ischaemia. However. most of these studies used 12-lcad 
ECG or scintigraphy to detect myocardial ischaemiafl~16l. 
or included only post-myocardial infarction patientsl17

- 19l_ 

In our population of patients. dobutamine stress 
echocardiography offered diagnostic information similar 
to routine exercise electrocardiography for the diagnosis 
of myocardial ischaemia and was additive for its site and 
extent. In fact. the location of new wall motion abnor
malities was always consistent with that of coronary 
artery disease. while it is well known that ST segment 
depression is not useful for identifying the site of 
ischaemia["o.:n_ 

In the present study. including a group of symptomatic 
patients with and without myocardial infarction. the 
sensitivity of dobutaminc stress echocardiography was 
54%. with a specificity ofSO%. The sensitivity was highest 
in patients with three-vessel disease (all had a positive 
dobutamine stress echocardiography) and in those with 
the most severe stenosis(> 70%) (Table 2). This is con
sistent with previous results obtained with exercise and 
dipyridamole stress echocardiographyP.22.231• The only 
previous reports to which the present results can be com
pared arc those of Sawada eta!. and· Mazeika et al,r-4

::.5] 

who. in similar groups of patients. found a slightly higher 
sensitivity (72°/o and 63%. respectively). The different 
results can 1x explained by several reasons. such as 
the prevalence of patients with multiple vessel disease. 
the method of analysis and the different cut-off for the 
definition of critical coronary artery stenosis. the different 
doses of dobutamine. and the concomitant use of therapy, 
t.-spccially bctablockcrs. Therefore. if One also takes 
account of the small number of patients included in all the 
three studies. a fair comparison is di.ffi~ult. 

A potential major limitation in the present study is the 
usc ofbetablockers in many patients. since they represent 



the antagonist ofdobutamine. Therefore. from our results 
no conclusions can be drawn about the ·rear diagnostic 
accuracy of the test. In fact. to pursue this aim. patients 
should be studied after pharmacological wash-out. How
ever. the present study is useful to assess the value of 
dobutamine stress echocardiography in the presence of 
the usual antianginal treatment. and also to compare its 
v:::tlue to that of routine exercise ECG. We found that 
in patients without bctablockers the sensitivity and 
spt...-cifieity were similar to those in patients on beta
blockers. However. even here we cannot conclude that 
beta blockers do not influence the accuracy of dobutamine 
stress echocardiography. since patients on betablockers 
had, higher prevalence of coronary artery disease. Since 
p:ltlents on betabhx::kers had a lower increment of he:lrt 
rate afterdobutamine. the addition of atropine. which has 
been proposedl~6l. could enhance the diagnostic accuracy 
by its chronotropic effect. 

In agreement with Mazeika et af.r-SJ. we found that 
dobutamine stress echocardiography provides the same 
information as that provided by exercise ECGas regards 
the diagnosis of myocardial ischaemia (ST segment 
depression and new wall motion abnormalities). This 
suggests that dobutamine stress eehocardiography is a 
good alternative to exercise ECG in patients ·who are 
unable to perform exercise testing. 

In contrast to previous findingsiD-t~l. the dobutamine 
test had a very low sensitivity (24%) when only the ECG 
was considered. This can in part be due to the fact that in 
our protocol a new wall molion abnormality was con
sidered· as end-point, and it is well known that during 
myocardial ischaemia wall motion abnormalities occur 
early and before ST segment changes!~7-~~l_ 

ANAL YS!S OF FALSE-:-..CGA TIVE RESULTS 

Analyses of ·the patients with significant coronary 
artery disease and a negative dobutamine test (false 
negatives), reveals that these patients had a similar 
haemodynamic response to dobutamine. but a less diffuse 
coronary artery disease than those with a true positive 
test. 

ANAL YSJS OF FALSE-POSITIVE RESULTS 

Tran$.ient wall motion abnormalities during the last 
step of the dobutamine infusion without electrocardio
gr.:tphic signs of ischaemia were seen in three patients who 
did not have significant coronary artery disease. In one. 
left ventricular hypertrophy was present. with a dilated 
left ventricle: the geometry of the left ventricular cavity 
and the altered loading induced by dobutamine could 
explain the wall motion abnormality. One woman with 
typical effort angina pectoris had a positive exercise test 
and normal coronarv arteries. and in the last patient, 
dobutamine-induced "transient wall motion abnormalities 
were seen in the inferior wall and a left circumflex 
coronary artery stenosis of 47% was found on the 
angiogram. 

DlGIT,\L ACQU!S!T!Q:" TECH:"!QUES AND STRESS 

ECHOCARDIOGRA?HY 

Exercise tchocardiography is a useful tool in the 
diagnosis of myocardial ischaemia. However, the excess
ive tachycardia ::md hyperventilation make it sometimes 
difficult to obt:lin good echocardiographic imaging at 
peak exerci~ or immediately after. In recent years, digital 
techniques have partially overcome this problem~allow
ing either on-line or off-line echo analysis. This seems to 
enhance the t~asibility of stress echocardiography. 

We have tested if cine loop analysis of dobutamine 
echocardiography offers advJ.ntagcs over the analysis of 
the images on video tape. Digital quad screen display 
gave the same information in terms of result of the test. 
Therefore. this technology is not strictly necessary for 
pharmacological stress echocardiography. However, the 
possibility of selecting one good cardiac cycle and to dis
play the images in a quad screen format allows for a 
direct side by side comparison of the rest and peak studies, 
therefore making the analysis of the images faster and 
easier. 

ADVANTAGES OF DO BUT A~fi:\.'E STRESS ECHOCARDIOGRAPHY 

Dynamic exercise is the established modality of stress 
for the di:1gnosis and follow-up of patients with coronary 
artery dise:1se: however. the value of exercise testing is 
limited in patients with musculoskeletal, neurological 
or pulmonary disease. in deconditioned patients or in 
patients for \\-hom exercise is contraindicated. Moreover. 
elderly patients prior to rmjor peripheral vascular surgery 
need a careful e\·3luation to identify high risk subgroups. 
The value of dipyridamole-thallium and dobutamine
thalliurn te.:.ting is well established[:!9-:l0l, but this test 
requires high cost equipment not always readily available. 
1n this setting. dobutamine stress echocardiography 
is a safe alte-rnative for the screening for coronary 
artery disease and offcrs potential advantages to nuclear 
imaging. 
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Pharmacological stress echocardiography in the diagnosis of 
coronary artery disease and myocardial ischaemia: a 
comparison between dobutamine and dipyridamole 
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The objective of this study was to relate reg iona/1\"0il mot ion abnormalities assessed by dobutamine and dipyridamole stress 
echocardiography to quantitatire measurements of coronary artery stenoses in consecutive palients referred .for coronary 
angiography. and to compare haemod_l·namiceffecrs of and complications re!aud to the two agents. 

Patients undenwmt stress echoes on separate days in random sequence and had coronary angiography within 3 days of 
stress echocardiography. Echocardiograms were assessed by two investigators unaware of the patients' coronary anatom_v. 
Coronary angiograms were also assessed quantitative~r using the computer-assisted Cardiovascular Angiography Analysis 
Sysrem. 

There were46 consecuth'e patienrs referred for coronary angiograph_v: 28 were using {3-antagonists. 
Main outcome measures were ~nsitil·ity and specificity for dobutamine and dipyridamole stress echocardiographyfor 

detection of coronary arter_v disea~ ( 1ra/l motion abnormalities at rest or stress) and m_vocardial ischaemia (stress induced 
new wall motion abnormalities). 

Sensitivity/or the detection of myocardial ischaemia was found to be 57% for dobutamine and 64% for dipyridamole. 
Specificities were 78% and89% respective~\·. Sensitivities for detection of coronary artery disease {lesion ;;::50% diameter 
stenosis) was 79% for dobutamine and 82% for dipyridamole; specificities 11-ere 78% and 89% respectively. These 
differences between the two agenrs are not significant. There ll'ere no severe side effects with either agent. Mean heart rate 
rose significantly with both rests bwwas higher with dobutamine: mean systolic blood pressure rose with dobutamine and 
fell with dipyridamole. 

It was concluded that dobutamine and dipyridamole stress echocardiography have similar sensitivities and specificities 
for detection of myocardial ischaemia and coronary artery disease although the haemodynamic effects of the two agents are 

, d{lferenr. Both are free from serious complications. 

Introduction 

,' Coronary arteriography is still regarded as the gold 
, standard for the diagnosis of coronary artery disease; 

however. the anatomical findings inadequately predict the 
physiological importance of obstructive lesionslll_ The 
functional significance of coronary artery stenoses may be 
assessed by 2-dimensional echocardiographic detection 

, of left ventricular wall motion abnormalities induced by 
' exercisef11, which is the established mode of stress for the 

assessment of cardiac function. Unfortimately. exercise 
cannot be performed by all patients; thus. alternative non

! exercise stress has been proposedr='--'1. Both dobutamine 
and dipyridamole stress echocardiography have been 
reported to be useful in the diagnosis and prognostication 
of patients with suspected or pro\·en coronary artery dis
easel5-71, but a direct comparison of their relative efficacy is 

, still needed. 
Accordingly, this study was designed to relate quan

titative measures of coronary stenoses obtained by 
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angiography to th~ presence of regional wall motion 
abnormalities as assessed by dobutamine and 'dipyrid
amole stress echocardiography in the same group of 
patients; in addition the haemodynamic consequences 
and side-effects of the two agents were assessed. 

Patients and methods 

STUDY GROUP 

Forty-six consecutive patients with suspeCted or known 
coronary artery disease. referred for coronary arteri
ography for the evaluation of chest pain, were prospec
tively enrolled in thls study. Patients with unstable angina 
pectoris, previous cardiac surgery, congenital or valvular 
heart disease or documented cardiomyopathy were 
excluded. 

All patients performed dobutaniine and dipyridamole 
stress echocardiography on different days and in random 
sequence. The clinically prescribed medication was con
tinued and was the same during tp.e two stress echo
cardiographic tests: 28 patients were takingft-adrenergic 
blocking agents, either alone or in combination with 
nitrates and/or calcium ·channel blocking agents. 
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DOBUTAMI:-:E STRESS TEST 

An intravenous infusion ofdobutaminewasstarted at a 
dose of5 or IO~g kg- 1 min~ 1 by means of an infusion 
pump and then increased in stepsof5 or I 0 1-lg kg- 1 min - 1 

every 3 min up to a maximum of 40 IJ.g kg- 1 min - 1• 

Electrocardiogram (ECG) was continuously monitored. 
A 12-lcad ECG recording was obtained before and every 
minute during the test. up to 10 min afrer the end of 
the infusion; cuff blood pressure was mt:asured every 
2 min. Criteria for termination of the infusion were severe 
angina pectoris, severe hypertension { >230.'130 mmHg) 
or hypotension (fall >20 mmHg of systolic blood press
ure), -ventricular tachycardia or obvious new wall motion 
abnormalities. Metoprololand sublingual nitrates were at 
hand as antagonists. 

DIPYRIDA~lOLE STRESS TEST 

Patients were instructed to a\·oid coffee and tea for at 
least 12 h before the test. Dipyridamole \\·as administered 
intravenously at a dose of 0·84 mg kg- 1 over 6 min, 
during continuous ECG monitoring. A 12-lead ECG was 
recorded before and every minute during the test and up 
to 20 min after the end of the infusion: cuff blood pressure 
was measured every 2 min. The infusion was stopped if 
the patient developed severe angina pectOris. obvious new 
wall motion abnormalities. hypotension or ventricular 
tachycardia. Aminophylline COO mgl was injected in all 
the patients, at the peak ischaemic phase in the positive 
tests and 15 min after the end of rhe infusion in the 
negative ones. 

For both stress tests. ST segment eb·arion or horizon· 
tal/down-sloping ST segment depression of more than 
1 mm occurring at 80 ms after the J point were considered 
as an ischaemic response and an indication for stopping 
the test. 

ECHOCARDlOGRAPHIC STUDIES 

All the echocardiograms were performed using a 
commercially available v.ide--angle phased array imaging 
system (Hewlett-Packard Sones 1000). Two·dimensional 
echocardiograms in the rest condition included all the 
conventional viev.-s. During the test. new wall motion 
abnormalities were sought in different \iews by rapidly 
moving the transducer. Echocardiogr.J.mS were continu
ously monitored during the proYocatiYe tests and in the 
recovery phase and recorded on \"ideo tape at the end of 
each stage for the dobutamine. continuously during the 
dipyridamole stress test and at least eYery ~min during the 
recovery phase in both tests. 

The video tapes were analysed and a consensus was 
achieved by two observers. unaware oi the s~mptomatic 
or ECG responses to the stress tests.. clinical data or angio
graphicdata. Forpurposesofanalysis. the left Ycntricular 
wall was divided into a 16-$epnent mOOeJI~i_ Both systolic 
wall thickening and inward motion were \isuallv cvalu· 
a ted and wall motion was graded as I wormal). i (hypo
kinetic) 3 (akinetic) and 4 (dyskinetic). A wall motion 
score index was derived by aYerag:ing theindiYidual scores 
for the segments graded. A stress echocardiographic test 
was considered positive for coronary anery disease if wall 

114 

Tuhf<' 1 Peak doses of dohutaminc and dip_J"ridamofc u.1·cd 

Oobutamine peak dose 
(j.igkg- 1 min-') 

20 
25 
30 
35 
4{) 

2 

8 
32 

Dipyridamole peak dose 
(mgkg· 1 6min-') 

0·42 
0·56 
0·67 
0·72 
0-84 

/1/ 

2 

41 

motion abnormalities were seen at rest and/or after stress: 
an ischaemic response was defined as a new wall motion 
abnormality, consisting of an increase from rest to peak 
study of at least one grade for any of the 16 segments 
analysed. In our laboratory, inter- and intra-observer 
variability for stress cchocardiography are 0·91 ± 0·14 
and 0·92±0·20 rcspcctiveJyl"l. 

QUANTITATIVE CINEANGJOGRAPHJC ANALYSIS 

Coronary angiography was performed using the 
Judkins technique within 3 days of the stress echocardio
graphic tests. The coronary artery dimensions were· 
determined with the computer-based Cardiovascular 
Angiography Analysis System (CAAS). as previously 
reportedl10

"
111. In brief. the boundaries of a selected coron

ary artery segment were detected automatically from 
optically magnified and video digitized regions of interest 
Of a cineframe selected for analysis. The diameter of the 
coronary catheter was used for size calibration. compar
ing the mean diameter in pixels with the known size in 
millimetres. A computer estimation of the original arterial 
dimension at the site of obstruction was used to define the 
reference region. The interpolated per cent diameter sten
osis was calculated by averaging the values from at least 
two angiographic vic\VS. A coronary artery narrowing of 
at least 50% diameter stenosis was considered significant. 

STATISTICAL ANALYSIS 

Data are expressed as mcans±SD. unless specified. 
Where appropriate. 95% confidence intervals (CI) arc 
given. The calculation of sensitivity. specificity and accur
acy relied on the standard definition. Paired and unpaired 
t-tests were performed when appropriate to compare 
means calculated from continuous data. Discrete vari
ables were compared using the chi-square test of 
association. A P value of less than 0·05 was considered 
significant. 

Results 

CLI;-.!ICAL CHARACTERISTICS 

Forty-six consecutive patients were studied: 32 were 
male. 14 female. with a mean age of 58 years (range 25--77 
years). Fifteen patients had had a previous infarction 
and 28 were using P-aotagonists at the time of the stress 
echoes. D06eS of the stress agents used arc shown in 
Table I. 



Toh!e 2 Hoemodynamic responses IOdobut~ond dipyridclmole 

Dobutamine Dipyrid2rnole p 

PeakHR 102±24 87=:16 0·0003 
(beats min- 1

) 

PeakSBP 151 ±30 122:±.:.~ <0·00001 
(mmHg) 

Peak DBP 82·9± 10·8 7S·5± 1::·6 0·02 
(mmHg) 

HR=heart rate. SBP=systolic blood pr=. DBP=diastolic 
blood pressure. 
Valu15 are expressed as mean ±SO. 

Quantitative coronary cineangiography was perf onned 
in 30 patients~ in the remaining pati<!:ots.. quantitative 
analysis was not determined, either lxcause of normal 
coronary arteries (eight patients) ord.iffu::;e lesions and[ or 
total occlusion of the vessel (eight patients). Eighteen 
patients had normal or insignificantly diseased vessels 
(diameter stenosis <50%). while 28 patients had signifi
cant coronary artery disease; of these. :::.:ven had 3-vessel. 
II had 2-vessel and 10 had single-vessel disease. Of the 28 
patients with significant coronary artery disease. 16 had 
normal left ventricular wall motion at rest (group A) 
and 12 had wall motion abnormalities at rest (group B); 
10 of these 12 had a previously documented myocardial 
infarction. 

Neither dobutamine nor dipyridamole caused any 
serious complications. Mild symptoms such as palpi
tations. headache, cold or heat. dizzini!SS. flushing and 
mild dyspnoea were present in 17 patients and these 
symptoms disappeared after infusions were stopped. 
There was no difference between the agents with regard to 
the incidence of these side-effects. 

HAEMODYNAMIC RESPONSES (TABLE 2) 

From the rest state to the peak effCI."t of dobutamine, 
heart rates increased from 68±1-lbeats min- 1 to 
102±24 beats min- 1 (P<0-00001). systolic blood press
ure increased from l31±23mmHg to 151±30mmHg 
(?<0·00001}, while diastolic blood pressure did not 
change significantly. During infusion of dipyridamole. 
heart rates increased from 68 ± 12 to 8-7 ± 16 beats min- 1 

(P<O·OOOOI). systolic blood pressure remained 
unchanged while diastolic blood pressure decreased 
slightly (from 81·4± ll-3mmHg to 78·5± 12·6mmHg 
(P=0-03). At the peak effect, heart rates and systolic 
blood pressure were significantly higher after dobutamine 
than after dipyridamole (P=0-0003 and P<O·OOOOl 
respectively). 

STRESS ECHOCARDIOGRAPHY IN THE DLAG:-.!OSIS OF 

MYOCARDIAL ISCHAEMIA (TABLE 3) 

Dobutamine stress echocardiography revealed new 
wall motion abnormalities in I6 of28 patients "';th coron
ary artery disease. a sensitivity of 57o/ •. 95% 0 37-76%. 
Of these 28. new wall motion abnormalities occurred in I 0 
of 16 (63%) with normal wall motion at rest !group A). 

% 

ECG AP ECHO 

Doburomine Dipyridamole 

Figure J Occum:no: of Sf segment depression (ECG). angina 
pectoris (AP) and n.:'.l.· wall motion abnormalities (ECHO) in the 28 
patients with signiliClnt coronary artery disease during dobutamine 
(left) and dipyridamok (right) stress ecbocardiography. 

and in six of 12 (50%) patients with a resting wall motion 
abnormalicy (group B). New wall motion abnormalities 
occurred during dipyridamole stress echo in 18 of 28 
patients ...... ;th coronary artery disease. a sensitivity of 
64°/o. 95% CI ++-81 %. Of these 28. new wall motion 
abnormalities occurred in 12 of 16 (75%) patients from 
group A and in six of 12 (50%) from group B. These 
sensitivities for the two stress agents are not significantly 
different. 

The specificicy for dobutamine stress echo was 78%. 
95% CI 52-94% (four of 18 patients without significant 
coronary anery disease had a positive test). and for dipy
ridamole the specificity was 89%. 95% CI 65--99% (two 
of 18 patients had a positive test with dipyridamole); these 
speci:ficities are not significantly different. 

Sensitivities of echocardiographic changes, electrocar
diographic changes and angina pectoris after dobutamine 
and dipyridamole are shown in Fig. 1. Of the 28 patients 
with significant coronary artery disease. typical ST seg
ment changes were found in eight afterdobutamine and in 
IO after dipyridamole. During doburamine, one patient 
with an occlusion of the right coronary artery and a mild 
stenosis on the left anterior descending coronary artery 
showed an ST ~ent elevation in an inferior lead, with
out obvious cha~2:es in wall motion. Angina pectoris was 
present in six paiients and seven patients respectively. 
New or increased wall motion abnormalities showed 
higher sensitivity than ECG changes and angina pectoris 
(P=0-01 between angina and echo during dobutamine 
and P=0-007 between angina and echo during dipyrida
mole; P=Q-06 between ECG and echo in both tests). 

Four patients without significant coronary artery dis
ease developed angina pectoris and in one there were ST 
segment changes with dobutamine. while in five patients 
either ST segment changes or angina pectoris was found 
after dipyridamole. 

The effect oflhe number of abnonnal vessels present on 
the ability to obtain an ischaemic response revealed by 
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SerlSITIVITy for the diagnOSIS Of ISChoemtO 

% 

Mult1vesser [N•I8) 

Figure 2 Comparison of the sensitivities for the diagnosis of 
myocardial ischaemia between dobut.amine (solid bars) and dipyr
idamole (open bars) stress ecbocardiography in patients with 
single- and multivesscl disease. 

2-dimensional echocardiography is shown in Fig. 2; in 
patients with single-vessel disease. sensitivity was 40% 
(four of 10) for dobutamine compared with 50% (five of 
10) for dipyridamole. while for patients with multivessel 
disease the sensitivities were67% (12 of 18) and 72% (13 
of 18) respectively. 

Of 28 patients using P-antagonists. 20 had coronary 
artery disease and eight no significant coronary disease. 
New wall motion abnormality occurred in I I of20 (55%) 
during dobutamine and in 14 (70%) during dipyridamole; 
the specificities were 75% (six of eight) and 88% (seven 
of eight) respectively. In this subgroup of patients. the 
mean dose of dobutamine was the same as in patients 
off therapy. 

STRESS ECHOCARO!OGRAPHY IN THE DIAGNOSIS OF 

CORONARY ARTERY DISEASE 
Since the diagnOsis of coronary artery disease by 

2-dimensionalechocard.iography is based on the presence 
of segmental wall motion abnormalities at rest. as well 
as stress-induced wall motion abnormalities.. the overall 
sensitivity for the diagnosis of coronary artery disease was 
superior to that for the diagnosis of myocardial ischaemia 
(79% vs 57% for dobutamine:; 82% vs 64% for dipyrida
mole). The specificity and accuracy are also rc!presented 
inFig.3. 

DIAGNOSTIC COMPARISON OF DOBUTAMINE AND 

DIPYRIDAMOLE STRESS ECHOCAROIOGRAPHY 

In patients with significant coronary artery disease. the 
wall motion score index increased significantly from the 
rest to the stress study both during dobutarnine and 
dipyridamole. and the ·values during stress were similar 
(1-32±0-26 vs 1-31 ±0·23. not significant) (Fig. 4). 

In the coronary artery disease group. both stress echo
cardiographic studies were abnormal (new wall motion 
abnormality) in l3 patients and normal in seven patients~ 
in 16 of 18 patients with multivessel disease., "-all motion 
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Figure 3 Specificity, sens.itivity and accuracy for the diagnosis of 
coronary artery disease of dobutamine (solid bars) and dipyridamole 
(open bars) stress echocardiography. WM =walls motion. 
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Figure 4 Wall motion score index (WMSI) at rest, af1er dobut
aminc and af1er dipyridamole stress echocan:liogrnpby in the 28 
patients with significant coronary artery disease. NS=not signifi
cant. 

abnormalities were detected by at least one of the two 
tests. 

Forty patients (87%) were concordantly classified for 
the presence or absence of coronary artery disease. while 
the agreement for the diagnosis of myocardial ischaemia 
was 78% (36 of 46). Furthermore, the same ventricular 
walls were involved by ischaemia in the 13 patients with 
both positive tests. A segment-by-segment comparison of 
dobutamine and dipyridamole stress echocardiography 
showed concordance in 690 of a total of736 (94%) seg
ments. and in 85 of99 (86%) segments affectedjn one or 
both tests (Fig. 5). 

QUANTITATIVE STENOSIS MEASUREMENTS 

The relation of new wall motion abnormalitieS induced 
bydoOutamineanddipyridamoletoquantitativemeasure
men ts of coronary stenosis is represented in Fig.. 6_ Patients 
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Fti;urc 5 Agreement betWC\."11 dobutamine and dipyridamole stress 
echocardiography in the segmental analysis of left ventricular wall 
mNion. Normal=nonnal wall motion at rest and after stress. n
v.ma ~new wall motion abnormalities. f-v,ma=wall motion abnor
malities at rest without new orworsenin:; wall motion abnormalities 
alter suess ("fixed"). 
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F1gurc 6 Comparison of per cent diameter coronary stenoses 
(

0 o0ST) between patients with and without new wall motion abnor
malities (:--:Ew WMA) during dobutamine (left) and dipyridamole 
(ri£:ht) stressechocardiog:raphy. 

.with an ischacmic response had more severe coron
ary stenoses compared to those with a non-ischaemic 
response: mean ( ±SD) per cent diameter stenosis of the 
most severely affected coronary arteries for those with 
new wall abnonnalities with dobutamine was 70 ± 31 
compared with 47 ± 38 for those without new wall motion 
abnonnalities (P= 0·03). and for dipyridamole the cor-

responding \;J.]u.:s were 76±21 compared with 42±40 
(P=0-001). Howe,·er. the prediction of the severity of 
coronary sten.:>S<!$ in individual patients was limited. 
since patients with comparable per cent diameter stenosis 
frequently b;1d dix-ord:mt responses with both tests. 

Discussion 

In this s:tudy we made a direct comparison of 
dobutamine- \\ith dipyridamole in conjunction with 2-
dimensiona\ echtx-:lrdiography for the detection of 
significant coronary artery disease and myocardial 
ischaemia. P;1tien1:5 \vere studied in a random sequence 
on different Jays \\ith the t\VO modalities. &'nsitivity and 
specificity did not significantly differ ~tween the two 
stress tesl:5 :md the 95% confidence intervals arc similar. 

The most important mechanism involved in the devel
opment of i~ha.:-mia caused by dipyridamole is the 
maldistribution ofilow. mostly from subendocardium to 
subepicardiumP~l_ However. due to the increase in heart 
rate, the incr~se in rate-pressure product might also 
play a rol.:- in pr~ipitating ischaemia!IJJ_ In contrast. the 
mechanism ofischaemia caused bydobutamine is primar
ily based on tb.e increase in myocardial oxygen demand. 
secondary to the positive inotropic and chronotropic 
effectsll.l.J_ !Xspite the different mechanisms involved and 
the experimental evidence that dobutamine should be 
more suitabk than dipyridamole for the detection of new 
wall motion abnormalitieslbl, the present study showed 
a very good correlation between the results of stress 
cchocardiogr.1phy with the two pharmacological stress 
agents. The ;1pparent discrepancy with data from Fung 
et a/J151 may lx du.:-. in part, to the submaximal dose of 
dipyridamok that was employtd in their experimental 
study. Iode-00. it is \vel! demonstrated that a high dose of 
dipyridamole ( 0·8-l- mg kg- 1 in I 0 min) increases the sensi
tivityofthe test. \\ith no loss in specificityl0 1. This suggests 
that. independent of the mechanism. dobutamine and 
dipyridamole in high doses have a similar potential to 
induce ischaemia in the presence of critical coronary 
stenoses. 

Pharmacolo:;PC1l stress tests. either in conjunction with 
2-dimcnsional .:chocardiography or with nuclear imag
ing. haYe been pro\· en to be of value in the diagnosis and 
prognosis of patients with coronary artery disease[lt.-I~J. 
However. the !'in ding of significant coronary lesions by 
visual analysis ofangiograms is oflimited value in predict
ing the physiological importance of the stenosislll_ This 
is due to reproducibility errors(l<i~OJ. and also to other 
factors such as tho:- site and the length of the lesion and the 
presence of collateral vessels. 

Wilson er a!P 1 obst!rved that in patients with isolated 
coronary artcr;.' lesions. coronary flow reserve is related 
to quantit:Hi\·e anglographic measures oflesion severity; 
patients with abnormal coronary flow reserve had a mean 
diameter sten<.."ISis of70% in comparison to patients with 
normal coronary flow reserve who had a mean value of 
45%. This point has been very recently underscored by 
Sheikh er aiY1: they found a relationship between coron
::try stenoses assessed qu:~.ntitatively and wall motion 
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Tv hi(· 3 R('sufrs o( dohulamll/<' and J,pyridumo/,· ,,lr<•.u ahucardwxruph_l 

X Rest \\'MA Ne"W:O,IA Positive test 

Dobut~mine No CAD IS 0 4(~~o·;,) 4 (22%) 
CAD 28 " (43%) l6t57'%) 22 (79%) 

group A 16 0 10(63%) 10 (63%) 
group B " 1:!(100%1 6(50%) 12(100%) 

Dipyridamole No CAD IS 2(!! 0 ol 2 (ll':'o) 
CAD " r.:: (43%J 18 (f...l 0 ~) :"':) (S~0;o) 

group A 16 0 ~~ ("7_:;~ o) 12 (75%) 
group B 12 121100~0) 6 (50"o) 12(100%) 

CAD :oocoronary artery dis.case. No CAD<50° o diameter stcno~i~. WMA ""'wall motion abnormali
ties.. S =number of patients. group A= norm;J.[ w::r.!l motion at rcsL group B = abno!Til:il wall motion 
at ret. positive test "'abnormal wall motion at rest and or after ~ucss. 

abnormalities detected by exercise echocardiography in 
patients with isolated. single-vessel disease. The results of 
the present study are partially in agreement with those 
findings. showing that in a series of consecuth·e patients 
with chest pain referred for coronary angiography the 
severity of cotonary stenosis was higher in patient$ \\·ith 
an ischaemic response to pharmacological stress. How
e\"er. the presence of stress-induced myocardial ischaemia 
was unpredictable based on the severity of the coronary 
stenoses. This is not surprising. since the present study 
did not deal with patients with discrete single coronary 
ksions. but with a heterogeneous popubrion. including 
patients with previous myocardial infarction and or wall 
motion abnormalities at rest. diffuse coronary lesions and 
coronary collateral vessels. 

STUDY UMITATIONS 

This study may be criticized on the basis of its small 
sample size being inadequate to show significance in the 
trend in favour of the dipyridamole test. HO\Ye\"er. ewn if 
this trend continued. a study population of scwral 
hundred patients would be required to shO\\- significance. 
and ethically we feel unjustified in subjecting these 
patients who often have significant coronary artery 
disease to two stress tests. 

An additional limitation of this study is the presence of 
,6-antagonists in 23 of these 46 patients. This blockade. 
in effect. represents the antidote to dobutamine and we 
initially considered that the continuation of ,8-blockers 
could ha\·e underestimated the Yaluc of dobutamine in 
fa\·our of dipyridamole stress echocardiography although 
recent data indicate that the P-blockadc also affects the 
dipyridamole test[r:J. Subgroup analysis showed similar 
scnsitiYity and specificity for those wirh and without 
P-blockers. although the numbers in the subgroups \\·ere 
small and the analysis was perfom1ed retrospectiwly. 
This finding is in agreement with data by SJwada era/. :::-'1• 
and may be due to the presence of more :;:e\·cre coronary 
artery disease in those patients who were treated wirh 
P*blockers. Indeed. the prevalence of multi\·esscl disca~ 
among the population of the present study was 45Q o 

in patients treated. compared to .:?:7% in patients off 
therapy. Ideally a direct comparision of the physiological 
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effects of these two agents would require assessment in 
patients off therapy. but this may be clinically impractical 
in such a patient population. Moreover. ,8-blocker ther
apy may also mask the side*effects profile of dobutamine. 
lowering the incidence of arrhythmias. for instance. 

Finally. we used a high dose for both stressechocardio
graphic tests. Howe\"er. we employed dipyridamole in 
an unconwntional time interval of 6 min. rather than 
in the standard stepwise modelP>l_ Although no patient 
had any serious complications. the safety of ·one-shot' 
administration remains to be assessed. 

RELATIO>I TO PREVIOUS C'LI::-.1CAL STUDIES 

The results of this study are in agreement with those 
obtained by otherauthors.ln fact. Previtali et al.r.41 found 
an OYerall sensitivity of68% fordobutamineand 57% for 
dipyridamole in a population off therapy. Dipyridamole 
stress echocardiography showed the same sensitivity as 
d<)butamine in patients with multivessel disease (92%) 
and a lower senstivity. in single vessel disease (31 l-'S 50%) 
although the difference was not statistically significant. In 
patients studied by dobutamine stress echocardiography 
after acute myocardial infarction. Mannering et a[.I:C.SJ 

obser\"ed new or increased wall motion abnormalities in 
20 of 41 patients and Berthe er af_lbJ in 13 of 30 patients~ 
thes<! values are similar to the 50% rate of positive tests in 
patients with wall motion abnormalities at rest found in 
the present study. Picano era!. found new wall motion 
abnormalities during dipyridamole stress echocardiogra
phy in 74% of 72 patients \\ith coronary artery disease. 
Sewn teen of these patiems had a previous myoca,rdial 
infarction \\ith wall motion abnormalities at rest~ when 
baseline and dipyridamole-induced wall motion abnor
malities were both included. the sensitivity for the diag
nosis of coronary artery disease increased to 81%1 131. 
compared to 82'% in our study. 

Typical ST segment changes and/or angina were less 
frequent than in other .studies!b.I4J 7..:0S-~J_ However. many 
of th<: patients in this series were being treated with /]
blockers which might influence the electrocardiographic 
response. as indicated by clinical and experimental 
data:~--'01. Furthermore. in the development of myocardial 
isch.:lcmia tr . .msient wall motion abnormalities occur 
before ECG changes and anginaf>tl: since wall motion 



abnorm:.tlities were considered as an endpoint. it might 
be possible that in some patients ischacmta W3S not 
prolonged enough to induce ST segment changes. 

In conclusion. for patients on antianginal therapy. 
dobutamine and dipyridamole stress echocardiography 
ru-ovide similar diagnostic infonnation on the presence 
of myocardial ischaemia. Further studies are required to 
assess if the same results are obtained in patients off 
medie1tion. 
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of the ~ether!ands, Albert McNeil! is a British Heart Foundation 
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CHAPTER 10. 

Simultaneous dobutamine stress echocardiography and technetium-99m 
isonitrile single-photon emission computed tomography in patients with 
suspected coronary artery disease. 

T Forster. AJ McNeill, A Salustri, AEM Reijs, EM EI-Said, JRTC Roelandt, 
PM Fioretti. 

JAm Col! Cardiol1993;21:1591-6. 
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Simultaneous Dobutamine Stress Echocardiography and 
Technetium-99m Isonitrile Single-Photon Emission Computed 
Tomography in Patients With Suspected Coronary Artery Disease 

TAMAS FORSTER. MD. ALBERT J. McNEILL. MD. ALESSANDRO SALUSTRI. MD. 
AMBROOS E. M. REUS. MSc. EL-SA!D M. EL-SAJD. MB. BCH. MS. 
JOS R.T.C. ROELANDT. MD. FACC. PAOLO M. FIORETTI. MD. PHD 

Roru:rdam, The Netherlands 

Oh]ectil'es. The purpose of this study "''as to determine the 
relative value of dobutamine stress echocardiography and 
technetium-99m isonitrile single-photon emission computed to
mography (mibi SPECTJ in the detection of myocardial ischemia. 

Backgrourui. Stress-induced new w:ill motion abnormalities 
and transient perfusion defects are both used for the diagnosis of 
m~·ocardial ischemia. 

Methods. One hundred fiw ronsecutiw patients with either 
pro,·ed or suspected coronary artery disease, who were .referred 
for perfusion scintigraphy, were studied by a combination of the 
two techniques. Both echocardiographic and mibi SPECT images 
were visually analyzed. Three patients were excluded from the 
final analysis because (Jf unsatisfactory examinations: two with 
noninterpretable stress echocardiogr3ms and one with noninter· 
pretable mibi SPECT images. The response to stress was concor· 
dantly classified b;y both te-chniques in 68% of patients (kappa = 
0.51). 

Results. Dobutamine stress e-chocardiograpby revealed the 

The noninvasive detecrion of myocardi:al ischemia remains 
an important clinical problem. Numerous methods have 
been introduced to induce ischemia. such as exercise testing 
0-3), pharmacologic stress using dipyridamole. dobutamine 
(4-6) oratri:al pacing (7). Ischemia maybe detected using the 
electrocardiogram (ECG). perfusion scans (8,9) or echocar· 
diography (l0-12). The diagnostic accuracy of the stress 
ECG :alone is limited. Nuclear p.;:rfusion studies give accu· 
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presence of ischemia in 38 and mibi SPECT in 45 patients (overall 
agreement= 74'i. kappa= 0.46). The agreement was higher in 
patients without previous myocardial infarction (84%, kappa = 
0.62). \\'hen regiooa.l analysis ·was performed, concordance of 
stress echocardiography and mibi SPECT occurred in 84% of the 
306 regions (kappa= 0.45). Regional agreement '"'3S also slightly 
higher in patients without pre,ious infarction (88%, kappa = 
OSO). In 21 patients without pre,·ious myocardial infarction who 
under••ent coronar:y angiography. tl:tc overall sensitivity of dobu· 
tami.ne stress e-chocardiography and mibi SPECf for the diagnosis 
of corona.r:· artery disease (diameter stenosis >50%) was 75% and 
83%, respectively. '!lith a specificity of89% (eight of nine patients) 
for both tests. 

CondusWns. Dobutaminc stress echocardiography represents 
a rea.~nab!e aft{'fllathe to dobutamine mibi SPECT for the 
functional assessment of patients \\ith suspected myocardial isch· 
emia and v.ithout pre,·ious myocardial infarction. 

(}Am Coli Cardioll993:1I:I591-6) 

rate results but are expensive. By comparison. stress echo· 
cardiography is a widely available. a relatively cheap method 
for detecting myocardi:al ischemia. and it has been the 
subjeC1 of increasing interest and usc in different clinical 
settings. such as detection of coronary artery disease (5.13). 
assessing the results of interventions (14) or predicting 
periopcrative cardiac risk (15-17). Dobutamine is a beta· 
adrenergic agonist v-.ith positive inotropic and chronotropic 
effect-;. These properties make it suitable for inducing myo· 
cardial oxygen d,:mand and provoking myocardial ischemia 
in cases of coronary stenosis. Pharmacologic stress imaging 
with dobutamine has recently been used in conjunction with 
both thallium scintigraphy and echocardiography (8). With 
both. dobutarnine provided good diagnostic accuracy for the 
prescn,;e of coronary artery disease. However. no study has 
been performed for comparing the diagnostic merit of the 
two methods. In addition, no comparative study has been 
carried out with technctium.99m isonitrile (mibi). In partie· 
u!ar, recent reports have demonstrated that dobutamine 
stress echocardiography has a good diagnostic accuracy for 
the dia,_'"'Tlosis of coronary artery disease. which is similar to 



that obtained with dobutamine thallium scintigraphy {5.8). 
However. the recent introduction of single-photon emission 
computed tomography (SPECT) has improved the diagnostic 
accuracy of scintigraphic technique for the detection of 
myocardial ischemia and mibi has contributed to improve 
the image quality of tomographic studies {9.15.18). So far. 
the agreement between dobutamine-induced wall-motion 
abnormalities (detected by echocardiography) and transient 
perfusion defects (detected by mibi SPECT) for the diagno
sis and localization of myocardial ischemia has not been 
explored. 

Accordingly. the aim of this study was to establish the 
correlation between the two tests in a consecutive group of 
patients \\lith chest pain and proved or suspected coronary 
artery disease who underwent simultaneously performed 
dobutamine stress echocardiography and mibi SPECT. 

Methods 
Study patients. The study group consisted of 105 consec

utive patients referred to the nuclear cardiology laboratory 
at the Thora.xcenter for the evaluation of suspected myocar
di::J ischemia. Their ages ranged from 24 to 81 years (mean ::::: 
SD 62 ± 12): 5S were men and 47 women. Fifty-nine patients 
had a previous myocardial infarction. At the time of the 
study. 55 patients were receiving beta-adrenergic blocking 
agents administered either alone or in combination with 
nitrates or calcium channel blocking agents. or both. 

Dobutan:J.ine stress echocardiography. After the patients 
gave written informed consent, two-dimensional precordial 
echocardiography was performed. Standard parasternal and 
apical views were recorded on videotape. Dobutamine stress 
echocardiography was performed according to a previously 
described protocol (11). Dobutamine was infused through an 
antecubital cannula starting at a dose of 10 fLg/kg per min. 
increasing by I 0 fLg/kg every 3 min to a maximum of 40 fLg/kg 
per min. which was continued for 6 min. In patients not 
achieving 85% of age-predicted maximal exercise heart rate. 
atropine (up to I mg) was given intravenously if necessary 
with the continuation of dobutamine. 

The ECG was continuously monitored throughout dobu
tamine infusion. 12-lead ECG recorded each minute and cuff 
blood pressure taken every 3 min. Two-dimensional 
echocardiogram was continuously monitored and was re
corded on videotape for the last minute of each stress stage 
and continuously after atropine administration. The infusion 
was stopped if the patient developed an obvious new wall 
motion abnormality. ST segment depression > 2 mm 80 ms 
after the J point. ST segment elevation. ventricular tachy
cardia or any complication considered to be due to dobu
tamine. Metopro!ol was available ::tnd used to reverse the 
effects of dobutamine or atropine if these did not revert 
spontaneously and quickly. 

The assessment of echocardiographic images was per
formed by two experienced investigators after acquisition 
without knowledge of the patients' clinical data or coronary 
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anatomy but with knowledge of the doses of dobutamine and 
atropine used. When there was diSagreement between the 
two off-line assessors. a third investigator viewed the images 
without knowledge of the pre\·ious assessments and a ma
jority decision was achieved. For this semiquantitative as
sessment. the left ventricular wall was divided into 14 
segments. as described by Edwards et al. (19) and scored 
using a 4 point scale: I ~ normal. 2 ~ hypokinetic. 3 "' 
akinetic and 4 ==dyskinetic. To analyze wall motion, images 
recorded on videotape wen:: subsequently reviewed at vari
ous playback speeds. Both systolic \vall thickening and 
inward wall motion were visually evaluated. An increase in 
score between rest and stress in one or more segments. that 
is. a new or worsened wall motion abnonnality. constituted 
a positive test. In our laboratory both inter- and intra
observer agreement for stress e.;hocardiographic assessment 
are 91% (20): recent data indicate that assessment of 100 
stress echocardiograms is adequate training for diagnostic 
accuracy in this technique (2lJ. and all investigators in our 
center have such experience. We did not use a continuous 
loop format for assessment of pharmacologic stress echocar
diography in all patients because we have previously tested 
whether cine loop analysis of dobutamine echocardiography 
had advantages over analysis oi images from video tape and 
found the same results by the t\>."0 techniques (10). 

Mibi SPECT imaging at r-6"1 and at peak stress.. Approx
imately 60 s before termination of the stress test, an injection 
of3i0 MBq of99mTc mibi was administered. The stress mibi 
SPECT images were acquired. on average, l hour after 
dobutamine ended. Thirty-tvoo projections (180° scanning) 
were obtained with an acquisition time of 45 s/projection. 
For each patient. six oblique (short-axis) slices were defined 
from the apex to the base and three saginal slices from the 
septum to the lateral wall. For rest studies. patients were 
injected with 370 MBq of 99tnTc mibi at least 24 h after the 
first study using the same protocol. One experienced ob
server visually assessed the uptake of radiotracer in studies 
both a! rest and during exercise. giving a semiquantitative 
score based on a scale of 4 grading (I = normal. 2 ~ 
decreased uptake. 3 == severely decreased uptake. 4 = 
absence of uptake). A persistent perfusion defect was de
fined when a score "2=2 in one or more segments was present 
both during exercise and at rest. .\.ioreover. it was decided in 
advance to consider a nonreversible defect of the septal 
segments in the two basal shon-axis slices as normal (four 
segments). A perfusion defect w::ts considered reversible 
when the score at rest improved by at least one gr.l.de with 
respect to the exercise scan in two or more contiguous 
segments. A significant but incomplete improvement of 
perfusion from the exercise to the rest scan {persistence of at 
least one segment with a score "2:2 in the scan at rest) was 
regarded as an ischemic response and. for the purpose of 
data ::tnalysis. was classified as a reversible defect. 

For each technique. three different responses to stress 
were defined: normal (absence of rest and stress abnormal
ities). ischemic (reversible scintigraphic perfusion defects 



and transient wall motion abnonnalities during stress ccho
cardiogra.phy) and fixed abnormalities-infarction (fixed 
scintigraphic p..::rfusion d&:cb. echocardiographic wall mo
tion abnormalities at rest without worsening at pe:tk stress). 
When both r..::versible and fix..::d defects were pr..::scnt. the 
response was classified as ischemic. To allow a \'alid com
parison of each technique in localizing ischemia. the 47 
segments of the left ventricle on SPECT and the 1.1 echocar
diographic segments were· grouped into the following six 
major ref:ions: anterior. posrcrior. lateral. interventricular 
septum (subdivided in anterior and posterior septum) and 
apex. Furthennore. for analysis of regional agreement the 
six major regions were funhef grouped into three myocardial 
areas: I) anterior and septal. 2) posterior and lateral. and 
3) apical. For analyzing reasons for discrepancies. the orig~ 
ina! six-region model was used to detect adjacent abnonnal
ities. The. results obtained by the two methods were then 
compared. 

Coronary angiography. Coronary angiograms using the 
Judkins technique were perfonned within 3 months in 71 
patients. Significant coronary anery disease was defined as a 
diameter stenosis >50%. 

Statistical anal:ysis. All continuous variables arc ex
pressed as mean value = SD. The agreement between mibi 
SPEer and stress echocardiography was defined as the 
percent of concordant diagnoses and was also assessed by 
calculating the kappa value: kappa values between 0.75 and 
I were considered indicative of good agreement. those 
between 0.40 and 0.75 indicative of moderate agreement and 
those between 0 and 0.40 indicative of poor agreement. 
McNemar's test was used to compare the percent of concor
dant diagnoses between paired data (22). A p value < 0.05 
was considered significant. 

Results 
Feasibility of dobutamine stress test. The dobutamine 

stress test was completed without serious complications in 
all patients. The clinical variables of patients arc shown in 
Table I. In the study group. 66 patients reached 85% of the 
age~predicted maximal exercise heart rate. On average. the 
heart rate achieved was 88% compared with the theoretic 
maximal exercise hean rate of these 66 patients: 28 patients 
required atropine to reach the target heart rate. Three 
patients were excluded from final analysis: two because of 
technically inadequate cchocardiograms at peak stress and 
one patient because of poor quality mibi SPECT images 
(liver uptake interfered with myocardial uptake). Thus. 102 
of 105 patients had ana.Jyzable data with both tests and were 
included in the study. The overall success rate of the study 
was 98%: no patient was excluded from analysis on the basis 
of poor image quality on the rest cchocardiog:ram. In 13 
patients. because parasternal views were inadequate. only 
the apical views were analyzed: however. all segments were 
visualized in at least one view. 

T~blc I. Results of Dobutamine Stres~ Test 

Rest hc~n rate lbcatYminl 
Peak hean rJte {b.:~h/minl 
Rest systolic blood pressure lmm Hgl 
Rest diastolic blood pres~ure lmm Hgl 
P~ak systolic blood pressure {mm Hgl 
Pcl diastolic blood pressure (mrn Hgl 
Rate-pressure product (re~tl 
Rate-pressure product (pcakl 
Peak theoretic-..J.! ma:~.im;;U e\erci~e heart rJte (<_':<) 

Chest pain Inc. I 
ST segment depression (M.) 
ST segment c\eq.tion (no.) 
Atropine used lno.) 

70 ::';: 13 
131 :t 16 
138 :t ~2 

81 :t 18 
lSI :t 16 
78 :t 10 

9.7~5 :t 2.500 
19,7%!: 4,3!! 

88 :t 13 

35 
21 

Data are e-.;presscd a~ mean v;;Uue ::: SO or number of patienL~. 

Relations between wall motion and myocardia! perfusion. 
The results of dobutamine echocardiography and dobu~ 

tamine mibi SPECT in the 102 patients are presented in 
Figure l. Echocardiography revealed new wall motion ab
nonnalitics in 38 patients and wall motion abnonnalities at 
rest without funhcr worsening at peak stress in 31 patients: 
test results were negative in 33 patients. On mibi SPECT. 
reversible perfusion defects were detected in 45 patients. 
and fixed perfusion defects alone in 28: the test results were 
negative in 29 patients. The two methods concordantly 
classified 69 patients (68%. kappa= 0.51). The majority of 
discrepancies were due mainly to pattern discordance in 
which both tests showed an abnonnal pattern but the type of 
abnonnality was different. that is. rest wall motion abnor
mality versus reversible perfusion defect (II patients) or new 
wall abnonnality versus fixed peifusion defect (8 patients). 
In these 19 patients. both tests were definitely abnonnal but. 
by definition. the results were discordant. 

For detection of presence or absence of myocardial 

Figure 1. Re$ults of simultan.::ous dobutamine echocardio!;f::~phy 

(ECHO) and 99"'technetium isonitrile single-photon emission com
puted tomography (SPECT). Squares marked 24. 28 and 17 display 
number of patients concordantly classified by both methods. "In
farction" oo a rest wall motion abnormality without further worsen
ing during stress on echocardiography and a fixed perfusion defect 
on SPECT; "'Ischemia·· = a neW wall motion abnormality on 
echocardiography and a reversible pcdusion defect on SPECT. 
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Agreement 84% 

kappa• 0,62 

no previous Ml 

Agreement 56% 

kappa~ 0,32 

with previous Ml 

Figure 2. Agn!\!ment for ischemia between dobutamine echocardi
ography (ECHO) and 9?tnr:echnetium isonitrile single-photon emis
sion computed tomography. The agreement is higher in patients 
without previous myocardial infarction {MI) (left panel). 

ischemia (that is. new wall motion abnormalities and revers
ible perfusion defects). the overall agreement between the 
two methods was 74% (75 of 102 patients. kappa = 0.46). 
The agreement increased when we separately analyzed data 
of patients v.rithout previous myocardial infarction (84%. 
kappa= 0.62. Fig. 2). The specific reasons for discrepancies 
in patients with normal wall motion at rest are reported in 
Table 2. Of seven patients. three had a different but abnor
mal pattern (ischemia versus infarction). whereas four pa
tients with an ischemic response on one test were classified 
as normal on the other test. 

The overall regional agreement was 84% (kappa= 0.45). 
Slightly better agreement was found if we again separated 
the group without previous infarction from that with previ
ous infarction (88%. kappa = 0.50: 81%. kappa = 0.41. 
respectively. Fig. 3). Altogether. 50 areas were found with 
diverging results. 16 areas in 43 patients without previous 
myocardial infarction and 34 areas in 59 patients with 
previous infarction. In 19 areas the two methods showed a 
discordant pattern (new wall motion abnormalities vs. fixed 
perfusion defects or wall motion abnormalities at rest vs. 
reversible perfusion defects) in the same area. In 20 areas the 
two methods showed abnormalities in one of the adjacent 
segments. Two patients had single. distal and moderate 
stenoses on the left anterior descending artery (which is a 

Table 2. Disagreement Between Myoc:JJdial Ischemia in Patients 
With No History of ~yocardial Infarction 

"' mibt 
No, SPEer Echo Coronary Angiogr-Jphy 

42 hchemia Negative Not done 
59 Ischemia Negative LAD stenosis 
69 !schcmia Inf:~rction LAD di~t:~l stenosis 

76 hchcmia Infarction 3VD 

'" hchemia Negative LAD distal stenosis 

" Negative Ischemia Open stent RCA (false po~itivc?l 
57 Inf:lJCtion Ischemia Not done 

Echo = dobutaminc cchocardiogrophy; LAD = left anterior d~scending 
coronary ortcry: mil:>i SPEer = """'technetium ~ingle-photon cmb~ion compute\1 
I01TI{)f!'l"::phy; RCA = right coron~ artery; 3VD = multiple·W~sel disca.~c, 
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Figure 3. Regional agreement for ischemia between dobuto.mine 
echoc:JJdiography (ECHO) and '*"technetium isonitrile single
photon emission computed tomography (SPECT) in 306 regions. 
The set ~,f 2 x 2 ub!es at left represents data of patients without 
previous myoc:rrdia.l infarction. and the row at right represents data 
of those "'ithout previous myocardial infarction. The agreement was 
slightly higher in patients without infarction. 

usual cause for a negative stress test result) and results of 
dobutamine stress echocardiography were negative in those 
cases. There were only nine areas where we could not 
explain the discordant results of the two methods and 
coronary angiography had not been performed to validate 
the result of one of the methods. 

Relation of dobut:lmine stress test to coronary angiographic 
findings. Of 105 consecutive patients. 21 met the criteria of 
no previous myocardial infarction. normal wall motion at 
rest and :1 recent coronary angiogram (<3 months). Twelve 
of thes.;: 2.1 patients had significant coronary artery stenosis 
(>50o/c diameter stenosis). Four of these 12 patients had 
single-vessel disease: in all 4. the stenoses were located on 
the left anterior descending artery and in 2 they were on the 
distal portion of this artery. Another three patients- had 
two-vessel disease-two patients with stenoses on the right 
coronary and left anterior descending artery branches and 
one patient with left circumflex and left diagonal branch 
stenoses-and five patients had triple-vessel disease. In the 
other nine patients. no significant coronary stenosis was 
detected: four of the nine had a normal coronary angiogram 
and five had recent balloon angioplasty or atherectomy with 
no significant coron::uy abnormality at the time of the cath
eterization and the dobutamine stress test. The mean age and 
hemodynamic data of this subgroup were comparable with 
those of the whole group. 

Echocardiography detected 9 and mibi SPEer detected 
!0 of the 12. patients with significant coronary abnormalities. 
Both tests had one false positive result (Table 3). Combining 
the results of cchocardiography and mibi SPEer the sensi
tivity increased (II of 12). whereas specificity decreased 
slightly (2 of 9 false positive). Poor agreement was found 
between ST segment changes during stress testing and the 
coronary anglographic findings {42%. kappa = 0.077): this 



Table 3. Comparison of Dobutamine Echocardiog:mphy and mibi 
SPECT in Patients With Coronary Angiography and Norm;J] Wall 
Motion at Rest 

Echo+ 
SPECT+ 
Echo+ or SPECT-

CAD + bensitivity} 

9m 175'1J 
10112 (83o/,;) 
1111:?. (92'7r:J 

CAD - bpedficityl 

1/9 (89-::<i 

1/9 189'/f) 
m 1nY<1 

CAD+ = p;~.tientS with angiogr ... phica!Jy proved coronary artery disease; 
CAD- = no signifi..:;;,nt coron:Jry steno~is ~~ the time of C:!rdiac calheteriza· 
tion. Echo+ = ~e"' "';'!]] motion abnorm;Uity during dobutamine stre~s test; 
SPECT + = reveN:Ok perfu~ion dcfeCl on "''m·teo;hnetium isonitrile (mibi) 
single-photon cmissi.xt computed tomosr.:~phy during stress test. 

result can be explained in part by the displacement of ECG 
leads during dobutamine echocardiography. The agreement 
between the prest:nCe of chest pain and angiographic findings 
was acceptable OI%. kappa = 0.43). The results of echo
cardiography and mibi SPECT were in agreement in 15 of 21 
cases (71%, kappa= 0.43). Three patieius with single-vessel 
disease (all v.ith distal lesions and moderate stenoses) had 
negative findings on stress echocardiography whereas 
SPECT did not detect one case of single-vessel disease and 
one of double-vessel disease. 

Discussion 
Dobutamine stress testing is increasingly used w elicit 

myocardial ischemia.and detect significant coronary artery 
disease. mostly in conjunction \\·ith echocardiography (5.1 1). 
Recently dobutamine stress echocardiog:raphy and 201-
thallium scintigraphy have been used in different clinical 
settings, such as the diagnosis of coronary disease. the 
assessment of the results of coronary angioplasty or risk 
stratification bcfvre vascular surgery (8.14.15). However. it 
is unclear to '.l.-b.at extent the two tests provide concordant 
infonnation: for obvious financial considerations. stress 
echocardiography should be favored if it gives the same 
infonnation as perfusion scintigraphy. The widespread use 
of perfusion scintigraphy is limited by the high cost of the 
procedure and the exposure of the patients to radiation. Our 
primary goal 'ol.-:15 to establish the potential role of dobu
tamine stress e.:hocardiography as an alternative to perfu
sion scintigraphy. To our knowledge. this is the first large 
scale study in which dobutamine stress echocardiography 
and perfusion s..-intigraphy were performed simultaneously. 
In addition, thi!- is the first study in which 99m-technctium 
isonitrile (mibil has been used in conjunction with SPECT 
imaging during dvbutarnine stress testing. Our patient group 
was primarily referred for pharmacologic perfusion scintig
raphy to investi~te chest pain. Dobutamine (with the addi
tion of atropine. when necessary) induced new or worsened 
wall motion at-normalities in 38 (37%) of 102 patients. 
whereas transietii perfusion defects Were detected in 45 
(44%). Chest pain·occurrcd in 35 patients and pathologic ST 
segment deviativn in 28 (ST depression in 21 and ST eleva-

tion in 7}. The overall agreement between the- two method~ 
for the detection of presence or absen..:e of myocardial 
ischemia was 74%. When the resulb of Nth tests wer.; 
positive. the agreement for the localization of tr.:tnsicnt 
defects was good. The concordance was similar to that found 
by others (17) as well as by our group ( 1 .23) in a comparison 
of exercise perfusion imaging with immedi<1te postexercise 
echocardiography. The agreement between echocardiogra
phy and SPECT for detection of ischemia was bencr in 
patients with normal (84%) than in those with abnormal wall 
motion at rest. However. in both patient groups. the inci
dence of a positive SPECT finding was greater than that of a 
positive echocardiographic finding. This trend was more 
evident in the group with abnormal wall motion at rest. in 
which a transient perfusion defect more frequently occurred 
in the infarcted area without a deterioration of wall motion or 
wall thickening in the same area. These results are similar to 
those found in correlative echocardiogrctphic and scinti
graphic studies during physical exercise (l.li). 

Severnl mechanisms can be advocated to explain these 
discrepancies. 1) It is well known that perfusion scintigraphy 
can detect myocardial malperfusion in addition to true 
myocardial ischemia leading to a greater number of positive 
scintigraphic than echocardiographic results. This outcome 
is consistent with our recent observation that positive results 
arc more frequently found with exercise perfusion scintigra
phy, than with exercise echocardiography in patients with 
moderate coronary stenoses. In contrast. the rate of positiv
ity with both techniques was similar in patiems with severe 
stenoses. In the present study. because patients were pri
marily referred for scintigraphic study rather than coronary 
angiography, we did not use coronary angiography as a 
standard. Instead. we compared the functional conse
quences of myocardial ischemia detected by the two nonin
vasive methods. Therefore. the hypothesis ,_1f the influence 
of the severity of coronary artery stenoses on the different 
tests could not be verified. 

2) The higher incidence of a positive SPECT result in the 
infarcted area. and especially in akinetic areas. requires 
another explanation. Quinones et al. (17) ckarly delineated 
the possible explanations of this discrepancy when 201-
thallium was used as a radiotracer. In our study. we used 
mibi instead of thai!ium. because we assumed that it was 
more suitable for SPECT imaging as a result of its high 
energy (18) and Jack of significant redistribution. The latter 
property of the radiotracer could overcome the problem of 
differential regional washout rate. which could be the cause 
for reversible perfusion defects not directly related to mal
perfusion or ischemia. 

3) Another explanation for the higher incidence of tran
sient perfusion defect in akinetic areas at rest is hibernating 
myocardium and also the tethering effect of the infarcted 
area on the noninfarcted myocardium (lil. However. the 
clinical and prognostic significance of arc:as \\'ith fixed 
echocardiographic defects showing partial redistribution on 
perfusion scintigraphy is uncertain and deserves further 
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investigation. In particular. studies have to address the 
impact of coronary revascularization in these areas. 

Stud~· limitations. Some limitations to the present study 
should be acknowledged. 1) Both regional wall motion and 
myocardial perfusion were assessed visually. Although we 
have found a small intra- and interobservcr variability in the 
interpretation of SPECT images. the Jack of quantitative 
analysis could affect the results (25). Quantitative analysis of 
exercise wall motion assessed by cchocardiography has been 
attempted in normal persons (26). However. a semiquanti
tative reading of perfusion scintigraphy and echocardiogra
phy is the r<!lutinely applied method in most clinical labora
tories (2-4). 

2) Coronary angiography was not used as the reference 
standard in all patients. However. we do not consider this a 
major limitation because our goal was to compare the value 
of t\.vo different tests to assess the funCtional significance of 
coronary disease. Furthermore. it would not be correct to 
assess the diagnostic value of the tests in patients in whom 
the application of coronary angiography was strongly depen
dant on the test results. 

Conclusions. Our study indicates good agreement be
tween echocardiography and mibi SPECT with respects to 
the response to dobutamine in patients with normal wall 
motion at rest for the detection myocardial ischemia. More 
studies are warranted in patients with previous myocardial 
infarction in whom the concordance was less satisfactory. 

This -.tudy v.as prepared with the technical ass.istance ofWim B. Vletter. BS. 
We :tre gr.ttdulto all the technicians of the oucle:lr medicine 1:\bor.~.tory. in 
particular to Joyce Postma-ljo:t, BS, for their friendly support and technic:U 
:.ssC:.~:~.n~e during this study. We also thank Eric Boersma. ~IS for helpful 
stltistical .:~dvice. 
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Summary. 

A high-dose dipyridamole stress-test (0.84 mg/kg in 6 min) with simultaneous 
MIBI SPECT. echocardiographic imaging and 12-lead ECG monitoring was 
performed in 89 patients before hospital discharge after an uncomplicated 
myocardial infarction. The aim of this study was to determine the prognostic 
value of a high-dose dipyridamole stress test for new cardiac events, and to 
compare the relative values of SPECT. echo and ECG in a postinfarct 
dipyridamole stress test. 
At 2 years post-infarct 9 patients (10%) had died, 5 pts (6%) had suffered a 
non-fatal reinfarction and 14 pts (16%) had been readmitted for a 
revascularization procedure. Cardiac death had occurred in 5/48 (10%) of 
patients with a positive SPECT versus 4/41 (10%) with a negative SPECT 
(n.s.). in 6/31 (19%) with a positive echo versus 3/56 (5%) with a negative 
echo (p=0.05), and in 5/20 (25%) with a positive ECG versus 4/66 (6%) 
with a negative ECG (p=O.Ol). Cardiac death and/or reinfarction had 
occurred in 8/48 (17%) pts with a positive SPECT versus 6/41 (15%) with a 
negative SPECT (n.s.). in 6/31 (19%) with a positive echo versus 8/56 (14%) 
with a negative echo (n.s.) and in 5/20 (25%) with ST changes versus 9/69 
(14%) without ST changes (n.s.). Thus the predictive value of the 
dipyridamole stress test for new cardiac events after an uncomplicated 
infarction was limited, irrespective of the method used to detect ischemia. 
Reversible perfusion defects were identified more frequently than new wall 
motion abnormalities or ECG-changes, but did not predict late events. A 
positive dipyridamole-echo or ECG both were associated with a higher late 
mortality, but did not predict other cardiac events. 

Key words: Dipyridamole stress echo 
Dipyridamole MIBI-SPECT 
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Introduction. 

The indication for coronary angiography'·' in patients after an uncomplicated 
myocardial infarction (no signs of heart failure, postinfarct ischemia nor late 
ventricular arrhythmias) remains controversial. Ideally, non-invasive methods 
should be reliable for risk stratification and for selecting the patients that 
need further invasive investigation and therapy. Myocardial ischemia during 
stress may identify patients at risk, and the value and limitations of post
infarct exercise testing have been documented extensively 3· 10 • However, 
many of these patients are unable to perform an adequate level of exercise, 
and the sensitivity of electrocardiographic ST-segment changes has 
limitations. 
Pharmacologic stress-testing combined with echocardiography or nuclear 
imaging are highly reliable techniques for the detection of ischemic heart 
disease 11 · 18 , but the value of these techniques for risk stratification after an 
uncomplicated myocardial infarction remains unclear despite previous 
studies 19-23 • 

We conducted a prospective study on the prognostic value of dipyridamole 
stress-tests in patients prior to discharge after an uncomplicated myocardial 
infarction. A direct comparison was made of echocardiographic, MIBI 
SPECT and electrocardiographic evidence of ischemia during the test, and the 
results were related to new events (reinfarction and cardiac death) and the 
need for revascularization during two years follow-up. 

Patients and Methods. 

Between October 1989 and January 1991, 89 consecutive patients with a 
recent uncomplicated myocardial infarction were studied after they were 
transferred from the coronary care unit to the ward. Infarction diagnosis was 
based on the combination of typical complaints and ST -segment elevation 
followed by positive CPK and CPK-MB levels. Patients were excluded from 
this study if they had late ventricular arrhythmias, signs of heart failure or 
chest pain after the acute event. The dipyridamole stress-test was performed 
prior to discharge, after informed consent was obtained. Results of the test 
were not used for clinical decision making. Routine exercise 
electrocardiography and coronary angiography were the tests, performed at 
the request of the attending doctor, on which patient management was based. 
All medication was continued, including beta-blockers in 60 patients, oral 
nitrates in 37 and calcium antagonists in 22. No patient used aminophylline-
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contammg drugs. Tea, coffee and other caffeine-containing beverages were 
withheld at least 12 hours prior to the test. Dipyridamole was infused into the 
antecubital vein in a dose of 0.84 mg/kg over a six minute period under 
continuous electrocardiographic monitoring. We chose a high dose since this 
increases the sensitivity of echocardiography in our experience and that of 
others". Aminophylline (200 mg) was administered intravenously 10 minutes 
after the end of dipyridamole infusion, or earlier if there was evidence of 
ischemia which did not resolve spontaneously. 
Standard 12-lead ECG's were recorded before the start of dipyridamole
infusion and at the end of every minute, until aminophylline had been 
administered. The ECG's were analysed by a cardiologist unaware of other 
test results. Ischemia was defined as at least 1 mm ST-segment depression 
compared to the rest-ECG, at 80 ms after the J-point. 
Four standard echocardiographic views (parasternal long- and short axis, 
apical two- and four chamber) were obtained and recorded before infusion of 
dipyridamole and the optimal transducer postions were marked on the chest 
of the patient. A Hewlett Packard Sonos 1000 echo machine with 2.5 and 3.5 
mHz transducers was used. Images were recorded continuously on videotape 
during dipyridamole infusion and for 10 minutes afterwards, until 
aminophylline had been administered. They were analysed off-line by two 
experienced echo-investigators who were unaware of other patient-data, in 
accordance with methods described before". Briefly, two investigators 
independently scored 14 segments of the left ventricular wall on a 4 point 
scale; 1 =normal, 2 =hypokinetic, 3 =akinetic, 4 =dyskinetic. An increase in 
score in one or more segments compared to the wall motion score at rest 
constituted a positive test. When there was disagreement a third investigator 
scored the images and a majority decision was attained. Infarct extent was 
calculated as the number of segments with a rest score > 1 and infarct 
severity as (sum of segmental scores at rest/ number of segments visualized). 
The 14 segments were regrouped into six regions of myocardium (anterior 
septum, posterior septum, posterior, lateral and anterior wall, apex) for 
comparison between the dipyridamole stress echo and SPECT data. 
Technetium-99 m MIBI (370 MBq) was injected intravenously two minutes 
after dipyridamole infusion had ended, eight minutes before it was 
antagonized with aminophylline. Stress SPECT images were acquired one 
hour after dipyridamole and rest-images after 24 hours. This was done using 
a Siemens Orbiter gamma camera, leap collimator, and a zoom factor (square 
root 2), 15% energy window and 64x64 word mode matrix. Thirty-two 
projections were taken over 180 degrees starting at the 40 degree left 
posterior oblique position. Acquisition time per projection was 45 seconds. 



After median prefiltering of the acquired data, images were reconstructed 
using a filtered back projection algorithm with a ramp reconstruction filter, 
The images were analysed in accordance with methods described previously". 
Briefly, a total of 47 segments were assigned a score on a scale of five 
grades. A positive dipyridamole stress SPECT result was defined as one with 
an improvement from stress to rest by at least one grade in at least two 
contiguous segments. 
The extent of the infarction was calculated as the number of segments with a 
rest score > 2 and the severity of the infarction was calculated as the sum of 
the segmental scores at rest. 
The 47 segments were regrouped into 6 regions of myocardium (anterior 
septum, posterior septum. posterior, lateral, anterior wall, apex) for 
comparison with the echocardiographic findings. 
Symptom limited exercise ergometry was performed in 66 of these 89 
patients, and coronary angiography in 58. These studies were performed, as 
mentioned above, for clinical decision-making at the request of the attending 
doctor, Patients with gross obesity. orthopaedic or neurological disabilities or 
exercise-limiting peripheral vascular or pulmonary disease were excluded 
from exercise stress testing. Upright bicycle ergometry. starting at 40 Watts 
and increasing by 20 Watts per minute. was performed. Antianginal therapy 
was continued. ST depression of at least 1 mm at 80 msec after the J-point 
was considered significant for ischemia and the test was stopped for 
significant chest pain, dyspnea, fatigue. ventricular arrhythmias, fall in 
systolic blood pressure by 20 mmHg from baseline or > 2 mm ST depression 
80 ms after the J point. 

Follow-up data were collected at two years post infarct. The data were 
obtained from the outpatient clinic visits and completed when necessary by 
contacting the patient's general practitioner. Endpoints were I) cardiac death, 
2) nonfatal reinfarction and 3) coronary angioplasty or bypass surgery. 
Kaplan-Meyer curves for survival and infarct-free survival were constructed 
and compared by log rank tests (Mantel-Cox). 

Results. 

Of the 89 patients, 70 were male and 19 female. Mean age was 60 (±II) 
years and 27 had a history of a previous infarction. The site of infarction was 
inferior/posterior in 48 patients, septal! anterior/anterolateral in 34. lateral in 
3, and in 4 the site was undetermined. Thirty-one had had thrombolytic 
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therapy. Thirty had a non-Q wave infarction (with a maximal CPK level of 
463 ±338 U/1), 59 had developed a Q wave (CPK's 1189 ± 1074) on the rest 
ECG at the time of !he stress-test. 
The dipyridamole stress test was performed 9 (±5) days after the infarction 
and was completed in all patients without complications. Heart rate increased 
from 70 ± 14 to 85 ± 14, (p < 0.0001) and systolic blood pressure decreased 
from 125 ± 16 to 121 ±21 (p < 0.01) during dipyridamole-infusion. Twenty
four patients developed chest pain during the test. 
ST depression > 1 mm occurred in 20 of 86 patients. ST segments were not 
assessed in 3 patients because of left bundle branch block. 

Dipyridamole stress echocardiography 

In 87 of the 89 patients the images were of adequate quality for analysis; 63 
(72%) had wall motion abnormalities at rest. Dipyridamole-induced new wall 
motion abnormalities developed in 31 (36%). In 21 patients the new 
abnormality developed in areas adjacent to those with a resting wall motion 
abnormality (regarded as the infarct zone), in 7 patients the new 
abnormalities were in areas with normal resting wall motion (regarded as 
remote from the infarct zone) and 3 patients had new wall motion 
abnormalities in both the infarct zone and remotely. 

Dipyridamole SPECT 

Fixed perfusion defects were seen in 78 of the 89 patients (88%) and 
reversible defects occurred in 48 (54%). Of these 48, 29 occurred in areas 
with perfusion defects at rest (regarded as the infarct zone), 7 occurred in 
areas with normal rest perfusion (regarded as the remote zone) and in 12 
patients there were reversible defects both in the infarct zone and remotely. 

Relationship between dipyridamole test results. 

The frequency of reversible defects on SPECT (54%) was greater than the 
frequency of either new wall motion abnormalities on echocardiography 
(36%), chest pain (27%) or ST-segment depression on ECG (23%). Figure 1 
shows the agreement between the different imaging methods for ischemia 
during dipyridamole infusion. Concordance was 61% between SPECT and 
echo (kappa-value =0.236), 50% between SPECT and ECG (k=0.024) and 
70% between echo and ECG (k=0.290). 



Exercise electrocardiography 

Bicycle ergometry was performed in 66 patients before hospital discharge. 
They achieved a significant increase in heart rate from 71(± 13) to 126(±22) 
(p< 10-6) and systolic blood pressure rose from 127(±17) to 169(±32) 
mmHg from rest to peak stress (p < 1 o-6). Significant ST depression occurred 
in 33 patients (50%), chest pain in 13 and dyspnoea in 23. Nine patients 
achieved a work load less than 100 W. The concordances for exercise
induced ST depression and dipyridamole- test results are illustrated in figure 
2. Concordance between exercise-ECG and dipyridamole-ECG was 55% 
(kappa-value =0.150), between exercise-ECG and dipyridamole echo 
concordance was 55% (k=O.l12), and between exercise-ECG and 
dipyridamole-SPECT it was 56% (k=0.121). 

Follow-up results. 

Follow-up was complete at 2 years postinfarct in 88 patients, and up to 16 
months in one. Nine patients had died; one from right heart failure (inferior 
infarction, cor pulmonale secondary to emphysema), one from a ruptured 
aortic aneurysm, three died in the hospital following a reinfarction and four 
had a sudden death at home, most probably of cardiac origin. Five patients 
had suffered another non-fatal myocardial infarction and from those who had 
various degrees of recurrent angina, fourteen had undergone a 
revascu!arization procedure. 

Relationship between dipyridamole stress tests and new cardiac events 

The main results are summarized in tables I and II and in figures 3 and 4. 
Five out of 48 patients with a positive SPECT had died versus 4/41 with a 
negative SPECT, 6/31 with a positive dipyridamole stress echo versus 3/56 
with a negative echo and 5/20 with ST-depression during the dipyridamole 
test versus 4/66 without ST changes. Reinfarction and/or death occurred in 
8/48 patients with a positive dipyridamole-MIBI SPECT versus 6/41 with a 
negative SPECT, in 6/31 patients with a positive dipyridamole-echo versus 
8/56 witl:t' a negative echo and in 5/20 with ST-segment depression versus 
9/66 without ST-changes (Table I). 
When a log ranksumtest is applied to the Kaplan-Meyer curves (figures 3 and 
4), only the survival curves for echo and ECG data are different. However, 
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the numbers of events in these curves is limited, and the overlap in the 95% 
confidence intervals (Table I) is considerable. 
The results of pre-discharge examinations in the patients who had a cardiac 
event during the follow-up are summarized in table !I. Among these 14 
patients, there were 3 in whom the dipyridamole stress test was negative by 
all methods. Also the angiographic findings in these patients were diverse and 
not different from the whole subgroup that had been catheterized (25 patients 
with single-vessel disease, 18 two-vessel disease, 15 three-vessel disease; 20 
patients with 100% stenosis of the infarct related vesseL 6 with 90-99% 
stenosis, 26 with 50-90%, 5 with less than 50% stenosis. unknown in one). 
Infarct extent and severity in the resting images did not predict subsequent 
mortality. MIBI SPECT score of infarction extent (number of segments) was 
9.0 (±6.7) for the survivors versus 14.7 (±10.5) for those who died 
(p=0.06), and the score for infarction severity (sum of segment scores) was 
23.9 (±20.4) for the survivors versus 37.0 (±30.5) for those who died 
(p =0.15). The echocardiographic score for infarction extent was 3. 76 
(±3.22) for the survivors versus 3.40 (±2.79) for those who died (p=0.81), 
and the score for infarction severity 1.34 (±0.33) for survivors and 1.36 
(±0.29) for those that died (p=0.93). 

Relationship between exercise electrocardiography and events at follow-up 

Six out of 23 patients who were excluded from an exercise test died during 
follow-up, versus 3/66 (p=O.Ol. Fisher exact) who had been exercised prior 
to discharge (Table Ill). More patients with a positive than a negative 
exercise test had subsequently angiography and revascularization. but it 
should be realized that results of the exercise test were available to the 
attending doctor and used for decision making, this in contrast to the results 
of the dipyridamole tests. Just like the dipyridamole- echo and ECG, the 
exercise-ECG did not predict recurrent myocardial infarctions (Tables I and 
III). 

Discussion. 

In the present study, a direct comparison between dipyridamole stress echo 
and MIBI SPECT imaging was performed in a group of consecutive patients 
with a recent uncomplicated myocardial infarction. The aim of the study was 
twofold, 1) to assess the agreement between dipyridamole stress echo. MIBI-
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SPECT and ECG for the diagnosis of residual ischemia and 2) to compare the 
prognostic value of these modalities. relative to the generally accepted 
conventional exercise ergometry. As far as we are aware of, this is the first 
study which addresses these questions in patients with a recent and 
uncomplicated myocardial infarction. 
Dipyridamole MIBI SPECT yielded the highest incidence (54%) of an 
ischemic response, while dipyridamole stress echocardiography was positive 
in 36% of the patients. ST-segment depression was the least frequent marker 
of dipyridamole-induced ischemia (23%). Due to the different distribution of 
the detection of ischemia with the different methods, the agreement between 
them was poor. ranging from 50% (between SPECT and ECG) to 70% 
(between echo and ECG). There are different reasons to explain the 
discrepancy between the different markers of ischemia. Firstly, it is known 
from the "ischemic cascade" that the perfusion heterogeneity is the first 
phenomenon during stress, followed by a wall motion abnormality. ST
segment changes are the last phenomenon during stress induced ischemia. 
Therefore, if the vasodilation is submaximal, it is not surprising that 
reversible perfusion defects can be seen in the absence of echo and/or ECG 
changes, indicating maldistribution of flow rather than true ischemia. 
Secondly, it is intriguing that agreement between the tests is much worse in 
this postinfarct population than in a non-infarct population". The presence of 
resting wall motion abnormalities and fixed perfusion defects in postinfarct 
patients may degrade the reliability of either test. A third factor which may 
contribute to the higher frequency of perfusion defects than mechanical 
markers of ischemia, is the use of antianginal medication, which was not 
discontinued in our patients. Recent data indicate that the sensitivity of 
dipyridamole stress echocardiography for the detection of coronary artery 
disease is reduced by some 30% in patients using anti-anginal therapy". The 
effect of anti-anginal medication on the sensitivity of dipyridamole-SPECT is 
unclear. Some have reported that beta-blockade does not affect dipyridamole 
thallium scintigraphic images", whereas others have reported that beta
blockers increase and calcium antagonists decrease SPECT defect size"·". 
The prognostic information that we obtained from the dipyridamole stress 
tests were disappointing, even if both positive dipyridamole echo- and 
electrocardiography tests were associated with higher late mortality. If the 
number of patients had been much larger, and thus confidence intervals 
smaller, statistical significance might become stronger. However, since our 
goal is to find a test that helps to predict the fate of the individual patient, a 
test of which the predictive value, if any, can be demonstrated only in very 
large series has limited value in clinical practice. Furthermore, the 
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observation in this study that all five nonfatal reinfarctions occurred in 
patients with both negative dipyridamole echo and ECG adds more doubt to 
the clinical value of this test in this selected population. When a non-fatal 
reinfarction was added as an end-point to cardiac mortality, all 3 ischemic 
markers lost even any tendency of prognostic usefulness. This is consistent 
with previous data showing how difficult it is to predict a reinfarction in 
asymptomatic postinfarct patients6· 10·". 

The number of events and the predictive value of either test might have been 
much higher if recurrent angina had been considered an endpoint. Several 
recent studies have demonstrated that evidence of ischemia during an exercise 
test predicts recurrent angina but not reinfarction or cardiac death9 •30 • 

However, we did not include recurrent angina as an endpoint for two 
reasons; first, uniform and reliable assessment of new or recurrent angina is 
difficult, especially if patients are seen by many different doctors. Second. 
prediction of chest pain is not a goal for a test; the patient can tell when he 
has recurrent chest pain, and it has no therapeutic consequences until then. 
Interestingly, the extent and severity of wall motion abnormalities and of 
perfusion defects at rest were not predictive of late mortality (although this 
might be different with a longer follow-up). This is very likely due to the 
selection criteria, by which patients with advanced left ventricular 
dysfunction were excluded, and indeed no mortality from left ventricular 
failure occurred during follow-up. 
Our negative results regarding the prognostic value of MIB! SPECT are in 
contrast to previous thallium scintgraphic studies 19·"· 31 ·32 It is unlikely that 
this results from the use of 99m Technetium rather than thallium. or the use 
of SPECT rather than planar scintigraphy. Most positive studies included 
patients with LV dysfunction. used recurrent angina as an endpoint, or both. 
The selection of patients and endpoints in our study may be the main cause of 
the different results. 
Symptom-limited bicycle ergometry was performed in 66 patients. Similar to 
previous studies7 ·33 , patients with a negative test who performed 100 Watts or 
more had an excellent survival (the single patient who died after a "negative" 
exercise test had been able to perform only 80 W ). All mortality occurred in 
patients with either a positive exercise test. a low exercise tolerance or 
patients unable to perform the exercise test. However. when it comes to 
predicting new myocardial infarctions, the value of the exercise test was. in 
this experience, as limited as the value of any dipyridamole stress-test. This 
is in accordance with other studies reporting the limitations of a postinfarct 
exercise test to predict reinfarctions8·30 . 

Would these patients be better off if they all underwent coronary angiography 
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? A review of the available angiographic data showed that our population was 
diverse in extent and severity of coronary disease. but the subset of patients 
who suffered an event during follow-up did not constitute a uniform group of 
more severe angiographic abnormalities. Our data do not allow firm 
conclusions on the predictive value of angiography in this low-risk 
population. However; larger studies have also reported that clinically low
risk post infarct patients do not benefit from angiography"·35 • 

Limitations of the study. 

The number of hard events during follow-up was limited. This was to be 
expected, since we selected patients who are at "low risk" by all clinical 
predictors. The number of events and the prognostic value of the test might 
have been higher if we had included patients with additional risk factors. 
such as postinfarct angina. However, these patients already have an 
indication for invasive investigation. Our study population represents the one 
in which pharmacological stress-testing might have its main role for post 
infarct risk-stratification; namely those who do not have an a priori indication 
for cardiac catheterization and angiography. The limited number of events 
resulted in wide confidence intervals. 
Another limitation of the study may be the continuation of anti-anginal 
medication during the test. As mentioned above, it is unknown to what extent 
the potential effects of anti-anginal medication on cardiac imaging tests 
influence the prognostic utility of these tests. 

Relationship to other studies. 

·Since the start of this study, in October 1989, some reports have been 
published on the predictive value of dipyridamole stress tests after a 
myocardial infarction. 
Bolognese et al." performed a dipyridamole stress echo (no SPECT) in 217 
patients after a first uncomplicated myocardial infarction. At a mean follow 
up of two years, 4 out of 128 patients with a positive test had died versus 1 
out of 89 with a negative test, and 6 out of 128 with a positive test had a 
nonfatal reinfarction, versus 1 out of 89 with a negative test. Thus this study 
provides stronger evidence than our study that a positive dipyridamole stress 
test after infarction is associated with a higher mortality, and it also provides 
evidence. in contrast to our study, that a positive test is associated with a 
higher reinfarction rate. Nevertheless, the predictive value of a positive test 
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is extremely low. limiting the usefulness for clinical decision making. 
Sclavo et a!." performed a dipyridamole stress echo in 107 asymptomatic 
patients 5 to 8 days after an uncomplicated myocardial infarction treated with 
thrombolysis. Although again the limited number of events precludes firm 
conclusions. they found. more in agreement with our study. that the incidence 
of cardiac events was not predicted by the dipyridamole stress echo results. 
The EPIC study. of which preliminary results were presented at the meeting 
of the American College of Cardiology36 • had a 2-year mortality of 9.4% in 
patients with a positive dypiridamole stress echo (compared to 19% in our 
patients) versus 3% (5% in our patients) in those with a negative test. No 
ECG or scintigraphy was part of in this study. The results of this multicenter 
study will have a greater statistical power than our study. However. as 
mentioned above. if a test has a limited predictive value in small series. its 
value for decision making in the individual patient is limited. even when 
statistical significance is reached in larger series. 
In summary. some indications for invasive diagnosis and therapy post infarct 
are well defined t.'- In patients with an uncomplicated infarction (no evidence 
of heart failure. residual ischemia or late ventricular arrhythmias) a negative 
exercise test at an adequate level of stress is associated with a low mortality. 
in many previous studies as well as in this study. but has limitations when it 
comes to predicting new infarctions. This study cannot provide evidence that 
dipyridamole is superior to exercise as the modality of choice for postinfarct 
stress tests. Dipyridamole echocardiography can be considered in patients 
unable to perform an exercise test. in those with a poor exercise tolerance or 
with equivocal exercise results. The test is safe early post infarct. but its role 
and clinical value in postinfarct risk stratification remains questionable. In 
our experience the value of a dipyridamole stress test to predict new cardiac 
events after an uncomplicated myocardial infarction was limited. irrespective 
of the method used to detect ischemia. MIBI SPECT being the least 
discriminative. 
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Figure 1. 

la: Concordance for ischemia between dipyridamole SPECT (transient 
perfusion defects) and stress echocardiography (new wall motion 
abnormalities). 

1 b: Concordance for ischemia between dipyridamole SPECT and ECG (ST
depression). 

lc: Concordance for ischemia between dipyridamole echocardiography and 
ECG. 
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Figure 2: 

2a: Concordance for exercise induced ST-depression and dipyridamole 
induced ST -depression. 

2b: Concordance for exercise-induced ST- depression and dipyridamole 
induced reversible perfusion defects on SPECT. 

Zc: Concordance for exercise-induced ST -depression and dipyridamole 
induced new regional wall motion abnormalities on echo. 
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3a: Survival of patients with a posmve dipyridamole SPECT versus those 
with a negative dipyridamole SPECT before discharge after an uncomplicated 
myocardial infarction: p = NS. 

3b: Survival after positive versus negative dipyridamole-echo; p = 0.05 

3c: Survival after positive versus negative dipyridamole-ECG; p=O.Ol 
Although the survival curves for echo and ECG are significantly different in 
a log ranksum test, this test should be interpreted with reservation because of 
the limited number of deaths. Actually two patients. who died early after a 
positive test by all methods, are largely responsible for the differences. 
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Figure 4. 

4a: Infarct-free survival of patients with a positive dipyridamole SPECT 
versus those with a negative dipyridamole SPECT before discharge after an 
uncomplicated myocardial infarction. 

4b: Infarct-free survival after positive versus negative dipyridamole-echo. 

4c: Infarct-free survival after positive versus negative dipyridamole-ECG. 
None of these curves are significantly different (log ranksum test). 
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Table I. Numbers of patients with a pos1t1ve versus negative dipyridamole 
stress SPECT, echo and ECG and the numbers and percentages of patients 
from these subgroups that had suffered cardiac death, reinfarction or a 
revascularization procedure within two years post-infarct 

Death Infarct Revasc Mortality Death/re-M! 

SPECT pos.(n=48) 5 3 7 10% (3-22) 17% (8-31) 
SPECT neg.(n=41) 4 2 7 10% (3-23) 15% (6-30) 

Echo pos.(n=31) 6 0 5 19% (7 -37) 19% (7-37) 
Echo neg.(n=56) 3 5 9 5% (1-15) 14% (8-27) 

ECG pos.(n=20) 5 0 2 25% (8-48) 25% (8-48) 
ECG neg.(n=66) 4 5 12 6% (2-15) 14% (7-25) 
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Table II. Results of the dipyridamole-stress test (reversible perfusion defects 
on SPECT. new regional wall motion abnormalities on Echo, ST and angina) 
before discharge and results of coronary angiography in the patients who 
suffered cardiac death or nonfatal reinfarction within 24 months. "No.Ves" is 
number of vessels diseased on coronary angiography. IRV is stenosis in the 
presumably infarct-related vessel. I and R (in the SPECT and Echo-tables) is 
Infarct-region and Remote. 

Cardiac death 

months 

from rest 

pt nr. infarct CPK ECG SPECT ECHO ST Angina No. Ves IRV 

3 15 522 Q 100% 
4 3 1800 Q + + 50-90% 

10 9 460 Q I+R + + 1 100% 

15 1100 Q I+R + + 3 100% 

16 14 608 n-Q I+R I+R + + 50-90% 

30 10 476 Q I 

52 14 400 Q 3 50-90% 
57 2 Q R 3 100% 

62 22 1155 Q I+R 

NQnfatal reinfar~riQn 

months 

from rest 

pat nr. infarct CPK ECG SPECT ECHO ST Angina No. Yes IRV 

25 18 Q 

26 23 38I n-Q I + 50-90% 

32 11 423 Q R 50-90% 

42 9 I215 Q I+R 

46 8 528 n-Q 2 50-90% 
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Table III. Exercise electrocardiography versus new cardiac events during 
follow-up. 

Death Infarct Revasc. 

n= n= n= 

X-ECG pos. (n=33) 2 0 6 

X-ECG neg. (n=33) 4 3 

no X-ECG (n=23) li l 5 
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PART FOUR 

CONCLUSIONS 
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CHAPTER 12. 

GENERAL DISCUSSION 

1) Feasibility and safety of stress echocardiography 

The results of the studies reported in this thesis show that stress 
echocardiography is a feasible technique. both in conjunction with exercise 
and with pharmacological agents. In our series including about 500 patients, 
only 9 have been excluded from analysis because of poor image quality. 
Clearly, this is due to the improved resolution of the new echocardiographic 
devices and the application of digital techniques. However, our results 
indicate that the impact of digital techniques on exercise echocardiography is 
more significant than on pharmacological stress echocardiography of which 
dobutamine has gained a prominent role. 

The safety of exercise echocardiography has been documented in large 
series of patients undergoing exercise electrocardiography and is primarily 
dependent on the selection of patients. Both our studies and those of other 
investigators (1) have indicated that pharmacological stress testing is equally 
safe. Mild side effects occur in about 15% of the patients tested, while severe 
side effects requiring the interruption of the test are very rare and less than 
1%. Stress-induced wall motion abnormalities. which are not a side effect but 
the end-point of the test, always promptly reversed, either spontaneously 
after the infusion was stopped. or after administration of an antidote in 
combination with nitrates. Interruption of the test at the moment the first new 
wall motion abnormality occurs makes the test safe to perform, but has 
probably limited the study of its potential role in the diagnosis of multivessel 
disease. 

2) Diagnosis of coronary artery disease and myocardial ischaemia 

Myocardial ischaemia is generally due to significant coronary artery stenosis. 
Baseline regional wall motion abnormalities often indicate the presence of 
significant stenosis in the related artery. Thus, in these regwns diagnosis of 
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coronary artery disease can be made by echocardiography at rest. while stress 
echocardiography can offer information on the presence of ischaemia. In this 
case. coronary arteriography can not be regarded as the reference method. In 
segments dyssynergic at rest the presence of stress-induced wall motion 
abnormalities should be better compared with another imaging test, such as 
nuclear perfusion imaging. 

The diagnostic accuracy of stress echocardiography in detecting 
coronary artery disease has been reported by several groups (2-29). In Table 
L !!, and III the results of stress echocardiography (exercise. dobutamine. 
dipyridamole) limited to patients with normal wall motion at rest and/or no 
previous myocardial infarction are reported. Thus, the confounding effects of 
the presence of wall motion abnormalities at rest should be avoided. Overall 
sensitivities ranged from 48% to 97% and specificities from 64% to I 00%. 
These differences can be explained by patient selection, proportion of 
patients on medication, protocols of stress and criteria for the definition of 
coronary artery disease. In Table IV, these issues on dobutamine stress 
echocardiography are presented. Interestingly. the cumulative values of the 
different tests are similar, and independent of the type of stress employed. 
Sensitivities are 81 %, 80% and 71%: specificities are 87%, 88% and 94%, 
for exercise, dobutamine and dipyridamole. respectively. Moreover, in this 
selected population the results of stress echocardiography compare favorably 
with those obtained with exercise electrocardiography (Table V). 

The comparison between stress electrocardiography and stress 
echocardiography has different implications according to the different 
subgroups of patients. Patients with rest S-T segment abnormalities due to 

left ventricular hypertrophy, left bundle branch block, digitalis therapy or 
sometimes prior myocardial infarction have an uninterpretable exercise test. 
Furthermore, some patients referred for stress testing are either unable to 
exercise or exercise submaximally. In these clinical situations, the primary 
use of stress echocardiography should be recommended. Both sensitivity and 
specificity for the diagnosis of coronary artery disease are higher with stress 
echocardiography. a method which also offers the unique advantage of 
locating the site, the extent. and the severity of myocardial ischaemia. 

3) Comparison with nuclear techniques 

Myocardial perfusion scintigraphy is the most widely applied imaging 
technique for the evaluation of patients with coronary artery disease. 
Exercise thallium scintigraphy has been utilized in patients with stable angina 
and uncomplicated myocardial infarction, both for diagnostic and prognostic 
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purposes (30-33). However, myocardial scintigraphy has some disadvantages. 
First, the specificity of the test in unselected population is suboptimal. 
Second, it requires sophisticated and expensive techniques, not available in 
every diagnostic center. Third, radiation exposure becomes a limitation when 
serial studies are needed. Finally, the cost of a test is relatively high and 
represents a favorable factor for echocardiography in terms of 
cost/effectiveness ratio. Based on individual studies, stress echocardiography 
and nuclear imaging (radionuclide ventriculography. myocardial perfusion 
scintigraphy) have comparable degrees of sensitivity and specificity for the 
detection of coronary artery disease (Table VI). Echocardiography is now 
widespread available, not limited to few centers, and its versatility offers the 
unique advantage to obtain information from the patient in real-time, quickly, 
at low-cost, and in many different clinical situations. Furthermore, stress 
echocardiography is not limited to a few experts, although the technique is 
operator-dependent. Indeed, the test can be reliably interpreted by every 
cardiologist after adequate training and some experience (37). 

In this thesis, a comparison between stress echocardiography and 
myocardial perfusion scintigraphy has been done, both with exercise (Part 
Two, Chapters 2-6) and pharmacological stress (Part Three, Chapter 10 and 
11). In all these studies, SPECT revealed the presence of myocardial 
ischaemia in more patients than stress echocardiography. The reasons of 
these discrepancies have been discussed in Chapter 7. We feel that all the 
theoretical mechanisms proposed (small areas of ischaemia with a rapid 
recovery, suboptimal echocardiographic views of some myocardial regions, 
wall motion abnormalities at rest, maldistribution of coronary blood flow 
before ischaemia develops) play an important but not uniformly equal role in 
many different clinical settings. Interestingly, the agreement between 
echocardiography and SPECT is similar both with exercise and dobutamine 
(agreement for ischaemia 77% for exercise and 74% for dobutamine), with a 
higher prevalence of transient perfusion defects without new wall motion 
abnormalities in the comparative studies. The slightly lower concordance 
(61%) and the higher prevalence of ischaemia at SPECT found with 
dipyridamole as a stress agent (Chapter 11) can be explained with the 
different mechanism of action of dipyridamole. The vasodilating effect of 
dipyridamole causes an imbalance of coronary blood flow in the presence of 
coronary artery stenosis, with a "relative" reduction of flow in the affected 
area (38). Thus, the prevalence of malperfused myocardial areas without 
ischaemia is theoretically higher when a vasodilating agent like dipyridamole 
is used, rather than with exercise or "exercise simulation" with drugs. 
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4) Comparison between different stress modalities 

There are very few data on direct comparison between the different 
pharmacological stress agents presently used (19,25,39,40). In Chapter 9, we 
compared the results of dobutamine and dipyridamole stress 
echocardiography in the same group of patients. We found no statistically 
significant differences between the two drugs for the diagnosis of myocardial 
ischaemia, with a concordant diagnosis in 693 out of a total of 736 segments 
evaluated. 

A direct comparison between studies with different selection criteria 
and different reference methods is difficult. In addition, the influence of 
antianginal therapy on the tests must be taken into account. Betablockers have 
a pronounced effect on dobutamine, and recent data indicate that also 
dipyridamole test is influenced by antianginal drugs (41). When these 
differences are kept in mind, the results reported in Chapter 9 are similar to 
those reported by Previtali et al (19). 

5) The prognostic value of stress echocardiography 

The potential role of stress echocardiography as a test for prognostication in 
patients after an uncomplicated acute myocardial infarction has been studied 
and is reported in Chapter 11. In these low-risk patients, the predictive value 
of a positive test was low, and this limits the usefulness of the test for clinical 
decision making. However, exercise electrocardiography suffered the same 
limitations. Since these patients have a low risk anyway, the simple finding 
of a blood pressure increase of 30 mmHg or more could be considered a 
sufficient predictor of a good prognosis (42). Thus, the best modality of 
stress for risk stratification in post-infarct patients remains to be defined in 
larger series. 

WHICH IS THE IDEAL STRESS MODALITY IN COMBINATION WITH 
ECHOCARDIOGRAPHY? 

The practical choice of which type of stress should be coupled with 
echocardiography needs some general considerations. 
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1) Dynamic exercise remains the most commonly used provocative test of 
myocardial ischaemia. 

2) Some relevant clinical information obtained during exercise test. e.g. 
work load. can not be derived from other types of stress. 

3) Pharmacological stress is the ideal combination with echocardiography 
both for practical and technical reasons. 

However, the conclusion from all the published data is that stress 
echocardiography is an useful technique for the evaluation of coronary artery 
disease, whatever stress modality is applied. Thus, every cardiological center 
should become familiar with stress echocardiography. Ideally, every 
echocardiographic laboratory should familiarise themself with more than one 
stress modality (possibly a vasodilator and an inotropic agent). in order to 
have a flexible approach to individual patients, although the type of stress 
used seems less important than being able to perform stress 
echocardiography. 

LIMITATIONS OF THE STUDIES 

Stress echocardiography gains increasing popularity and wide acceptance 
among the cardiology community. Although the results reported in this thesis 
are positive in general, some limitations of the technique must be addressed. 

1) Failure to achieve adequate levels of exercise affects the sensitivity of 
exercise echocardiography (13). The data presented in Chapter 3 indicate 
that 8 out of 14 patients with a false negative exercise echocardiographic 
test did not achieve at least 85% of their age-predicted maximal heart 
rate. Thus, the accuracy of exercise echocardiography is clearly affected 
by the prevalence of submaximal heart rate response to exercise. It 
should be noted that exercise electrocardiography and stress thallium 
imaging are also dependent on the level of exercise attained ( 43,44). 

2) Exercise electrocardiography is the routine method for functional 
evaluation of coronary artery disease. The addition of echocardiographic 
monitoring to standard exercise electrocardiographic stress testing 
improves both the sensitivity and the specificity of the test for the 
diagnosis of myocardial ischaemia (71% vs 55%, p<0.05; 96% vs 81%. 
p < 0.05, respectively, Chapter 3). 

The comparison of exercise electrocardiography with exercise 
echocardiography in this study was based on the evaluation of ST 
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segment depression on the 12-lead electrocardiogram. To avoid 
interferences with the echocardiographic transducer, 
electrocardiographic precordial electrodes were slightly different from 
standard lead position. The possibility of an adverse effect of such a 
repositioning the electrocardiographic leads on the accuracy of exercise 
electrocardiography has not been studied. Theoretically, this suboptimal 
methodology could reduce the sens!lJVIty of exercise 
electrocardiography. As far as we know, there are few data in which this 
confounding issue has been evaluated (45). Irrespective of these potential 
limitations, our findings are in agreement with data of previous studies 
(7.8.29). 

The same methodological problems could also affect the 
electrocardiographic response to pl trmacological stress testing in which 
a low sensitivity of an ischaemic response has been found (22,24,28). It 
is unlikely, however, that one or two centimeters of differences in a few 
precordial leads are responsible for the poor diagnostic value of 
pharmacological electrocardiographic stress testing. 

3) The major limitation of stress echocardiography is the subjective 
evaluation of the test results. All the studies on stress echocardiography 
are reported from centers with a recognized reputation on ultrasound 
imaging. It is not proven that the same positive results will be obtained 
in centers with less experience. Obviously, stress echocardiography 
should not be confined to a few excellent laboratories. To obtain 
widespread acceptance of what is becoming the "first-choice" method for 
the diagnosis of myocardial ischaemia in the 90's, the criteria for the 
interpretation of the test should be standardized and objective. However, 
visual assessment of left ventricular wall motion is often a matter of 
argument, expecially for minor degrees of dyssynergy. Training in 
analysis of stress echocardiography is clearly important, and it has been 
demonstrated that a definite learning curve is necessary to reach 
adequate reliability in the interpretation of the test (37). An alternative 
approach of quantitative wall motion analysis is warrented (46,47). The 
quantitation of regional function involves tracing of endocardial 
contours, and is dependent on optimal endocardial visualization. This is 
limited in the apical views, due to the parallel orientation of the 
ultrasounds with the endocardium. Another problem is related to the 
temporal heterogeneity among different myocardial regions of the normal 
left ventricle and to the delayed contraction of some segments during 
ischaemia ( 48). Both these factors imply a cumbersome and time-
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consuming analysis of several frames of the cardiac cycle, making the 
quantitative approach unattractive for clinical practice. The development 
of an easy-to-perform quantitative method for left ventricular wall 
motion analysis remains the major challenge for stress echocardiography 
in the next decade. 

Colorized wall motion analysis has been proposed to improve the 
diagnostic quality of a stress echocardiogram ( 49). The ventricular wall 
at end-diastole is colorized in blue and serves as reference for the 
superimposed systolic frames depicted in red. Thus, a red rim along the 
blue diastolic frame indicates segments which move. This could facilitate 
segmental left ventricular wall motion analysis. 

4) Data reported in Chapter 5 are derived from the study in Chapter 4 and 
the conclusions are not independent. A small part ( < 10%) of the patient 
groups of the studies in Chapter 4 and 6 are also included in the study in 
Chapter 2, but since this number is very low the final results and 
conclusions will be not affected. 

5) Finally, although patients of these studies are consecutive patients who 
met the inclusion criteria, coronary arteriography was not performed in a 
prospective way, thus a possible referral bias should be taken into 
account as well. 

CONCLUSIONS 

The early over-enthusiastic period of stress echocardiography is now being 
replaced by a more realism and consciousness of the problems which are 
defined with increasing experience. Not all definitive answers are given yet 
to the questions when and in whom to perform a stress echocardiogram. The 
results reported in this thesis indicate indeed that stress echocardiography is 
useful for the diagnosis of coronary artery disease and myocardial ischaemia. 
The evaluation of revascularization procedures, the role in the 
prognostication of post myocardial infarction patients, the utility in 
stratification of patients before non cardiac surgery, and the identification of 
viable myocardium are only the most attractive aspects of the development of 
stress echocardiography in the coming years. 
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TABLE I. 

DIAGNOSTIC VALUE OF EXERCISE ECHO CARDIOGRAPHY IN PATIENTS 
WITH SUSPECTED CORONARY ARTERY DISEASE 

STUDY REF Nr MED ANGlO NrCAD 1-VD SENS SPEC 

Morganroth 2 32 Yes Visual 21 4 48 91 

Maurer 3 36 Yes Visual 23 6 83 92 

Limacher 4 40 Yes Visual 24 7 79 94 

Visser 5 33 ? Visual 20 ? 70 92 

lliceto 6 35 No Visual !6 8 56 95 

Armstrong 7 73 No QCA 51 22 78 86 

Ryan 8 64 Yes Visual 40 25 78 100 

Sawada 9 57 Yes Visual 28 17 78 86 

Sheikh 10 34 Yes QCA 21 21 81 92 

Pozzoli 11 75 Yes Visual 49 33 71 96 

Galanti 12 53 No Visual 27 14 93 96 

Crouse 13 228 Yes Visual !75 66 97 64 

Quinones 14 112 Yes ? 86 41 74 88 

Marwick 15 95 Yes Visual 59 34 69 89 

Hecht 16 143 Yes Visual !00 ? 91 86 

Total 1110 740 298 81 87 

Nr = number of patients; MED = antianginal therapy; N rCAD = number of 
patients with coronary artery disease; 1-VD = number of patients with 
single-vessel disease; QCA = quantitative analysis of coronary 
arteriography. 
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TABLE II. 

DIAGNOSTIC VALUE OF DO BUT AMINE STRESS ECHOCARDIOGRAPHY 
IN PATIENTS WITH SUSPECTED CORONARY ARTERY DISEASE 

STUDY REF Nr MED ANGlO NrC AD 1-VD SENS SPEC 

Sawada 17 55 Yes QCA 35 21 89 85 

Cohen 18 70 No Visual 51 16 86 95 

Previtali 19 35 No Visual 28 16 68 100 

Segar 20 51 ? QCA 30 ? 90 86 

Mazeika 21 36 No Visual 23 II 65 100 

Salustri 22 38 Yes QCA/Vis 25 13 60 85 

Marcovitz 23 53 Yes Visual 30 ? 87 91 

Forster 24 21 Yes Visual 12 4 75 89 

Marwick 25 97 Yes Visual 59 31 85 82 

Total 456 293 102 80 88 

Legend as in Table I. 
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TABLE Ill. 

DIAGNOSTIC VALUE OF DIPYRIDAMOLE STRESS ECHOCARDIOGRAPHY 
IN PATIENTS WITH SUSPECTED CORONARY ARTERY DISEASE 

STUDY REF Nr MED ANGlO N rCAD 1-VD SENS SPEC 

Picano 26 76 No Visual 55 ? 75 100 

Masini 27 68 No Visual 26 ? 77 93 

Previtali 19 35 No Visual 28 16 57 100 

Salustri 28 34 Yes QCA/Vis 16 ? 75 89 

Total 213 125 71 94 

Legend as in Table I. 
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TABLE IV 

COMPARISON OF SELECTION CRITERIA, PROTOCOL OF INFUSION, AND 
CRITERIA OF A POSITIVE TEST IN THE STUDIES ON DOBUTAMINE 

STRESS ECHOCARDIOGRAPHY. 

STUDY REF SELECTION PROTOCOL CRITERIA OF + 

Sawada 17 *risk up to 30 < wall thickening or 
*chest pain every 3' wall motion compared 
*known CAD with the previous stage 

(Digital) 

Cohen 18 chest pain up to 40 new WMA not present at 
every 3' baseline 

(Digital) 

Previtali 19 Chest pain up to 40 new or worsened WMA 
every 5' (Videotape) 

Segar 20 No clinical up to 30 a lack of increase in 
data every 3' wall motion/thickening 

was considered abnormal 
(Digital) 

Mazeika 21 Suspected CAD up to 20 new or worsening 
every 8' regional asynergy 

(Videotape) 

Salustri 22 Chest pain up to 40 new or worswned WMA 
every 3' (Both) 

Marcovitz 23 *chest pain up to 30 *normal= hyperdynamic 
*post MI wall motion during 
*risk dobutamine infusion 
*others *ischemic = dyssynergy 

developed during 
dobutamine infusion 
(Both) 

Marwick 25 Chest pain up to 40 lack of improvement 
every 3' and/or worsening of 

wall motion 
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TABLE V. 

COMPARISON OF STRESS ECHOCARDIOGRAPHY AND EXERCISE 
ELECTROCARDIOGRAPHY FOR THE DETECTION OF CORONARY 

ARTERY DISEASE. 

ECHO ECG 
STUDY REF Nr STRESS Sens Spec Sens Spec 

Morganroth 2 32 SB 48 91 62 91 

Maurer 3 36 TR 83 92 52 77 

Limacher 4 40 TR 79 94 71 94 

Armstrong 29 59 TR 80 87 59 89 

Ryan 8 64 TR 78 100 60 50 

Pozzoli 11 75 UB 71 96 55 81 

Galanti 12 53 UB 93 96 78 65 

Crouse 13 228 TR 97 64 51 62 

Marwick 15 61 TR 84 87 58 74 

Mazeika 21 36 DOB 65 100 65 69 

Salustri 22 35 DOE 62 67 46 89 

Picano 26 76 DIP 75 100 67 71 

Masini 27 68 DIP 77 93 69 52 

Total 863 76 90 61 74 

SB supine bicycle; UB = upright bicycle; TR = treadmill. 

173 



TABLE VI. 

COMPARISON OF STRESS ECHOCARDIOGRAPHY AND NUCLEAR 
TECHNIQUES FOR THE DETECTION 

OF CORONARY ARTERY DISEASE. 

ECHO NUCLEAR 

STUDY REF Nr NUCLEAR Sens Spec Sens Spec 

Limacher 4 41 RNV 92 88 71 82 

Visser 5 35 RNV 76 92 91 100 

Crawford 34 18 RNV 89 92 77 100 

Wann 35 16 Th-EX 55 100 73 100 

Maurer 3 36 Th-EX 83 92 74 92 

Pozzoli 11 75 MJBJ-EX 71 96 84 88 

Salustri 36 30 MIBI!Th·EX 76 85 82 69 

Galanti 12 53 Th-EX 93 96 100 92 

Quinones 14 112 Th-EX 74 88 76 81 

Forster 24 21 MIBI-DOB 75 89 83 89 

Marwick 25 97 MIBJ-DOB 85 82 80 74 

To tale 534 79 91 81 88 

RNV = radionuclide ventriculography. 
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SUMMARY 

Transient wall motion abnormalities are a very specific sign of myocardial 
ischaemia. Technical improvements in cardiac ultrasound systems provide the 
basis for detection of such abnormalities by two-dimensional 
exhocardiography. 

This study is based on the results of application of different stress 
modalities with echocardiography in different clinical conditions. These are 
compared with ·those obtained with myocardial scintigraphy, the traditional 
method for detecting myocardial ischaemia. The studies in this thesis are 
divided into four parts. The first is an introduction on stress 
echocardiography, the second deals with exercise echocardiography, the third 
reports the results obtained with pharmacological stress echocardiography, 
and in the fourth a brief review of the state-of-the-art of this technique is 
given. 

Chapter 1 presents a review of the pathophysiological basis of stress 
echocardiography, with a description of the echocardiographic signs of 
myocardial ischaemia. The different types of stress commonly used are 
described, with the protocols used at the Thoraxcenter of the University 
Hospital in Rotterdam. The application of digital system acquisition of images 
is outlined. Finally, the differences between stress echocardiography and 
myocardial perfusion scintigraphy are discussed, along with practical 
advantages of each method. 

The application of exercise echocardiography in clinical practice and 
the comparison with myocardial scintigraphy are reported in Part Two. 
Exercise echocardiography proved to be a feasible test for the non-invasive 
diagnosis of myocardial ischaemia, with a good overall agreement with 
myocardial scintigraphy (chapter 2). However, there was a trend for a higher 
prevalence of transient perfusion defects when ischaemia occurred in the 
inferior or posterolateral areas, or in patients with previous myocardial 
infarction. In a group of 75 patients with normal ECG at rest (chapter 3), 
sensitivity and specificity of exercise echocardiography for the diagnosis of 
coronary artery disease were 71 % and 96%, respectively, similar to those 
obtained with myocardial scintigraphy. 

In order to clarify these preliminary findings, we evaluated with the 
same modalities patients with isolated single-vessel stenoses of different 
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severity evaluated by caliper (chapters 4 and 5). A delay in recording 
echocardiographic images lowered the potential value of exercise 
echocardiography. SPECT detected more patients with "ischaemia". 
expecially when stenoses of intermediate severity were present. 

As a consequence of these encouraging results, exercise 
echocardiography was applied for evaluating patients prior to percutaneous 
transluminal coronary angioplasty. The results of this study, reported in 
Chapter 6, confirm that exercise echocardiography compares favourably with 
SPECT imaging, and is particularly suitable for the assessment of the 
functional results of revascularization procedures with PTCA. 

Finally, a general review on the comparison between exercise 
echocardiography and SPECT is reported in Chapter 7. 

The value of dobutamine stress echocardiography in clinical practice 
is reported in Chapter 8. The test is feasible and safe, with a sensitivity and 
specificity for detection of coronary artery disease (with quantitative 
measurements of coronary artery diameter) of 54% and 80%, respectively. 
Despite this suboptimal value of sens!llv1ty, dobutamine stress 
echocardiography showed a favourable trend in comparison with exercise 
electrocardiography, expecially in patients with single-vessel disease. 

The results of a direct comparison between dobutamine and 
dipyridamole as stress agents are reported in Chapter 9. Despite the different 
mechanism of action, dobutamine and dipyridamole stress echocardiography 
showed similar results in terms of diagnostic accuracy and side effects. 

The results of combined echo/SPECT studies in 105 patients during 
dobutamine stress test are discussed in Chapter 10. There was a good 
agreement between the two techniques, both for the final diagnosis of 
myocardial ischaemia and for the regional analysis. The agreement was 
higher in patients without previous myocardial infarction. 

Finally, the value of dipyridamole stress echocardiography for risk 
stratification after uncomplicated myocardial infarction is discussed in 
Chapter 11. ln this clinical setting, reversible perfusion defects were more 
frequent than transient wall motion abnormalities, perhaps reflecting flow 
heterogeneity without true ischaemia. However, the prognostic information 
that we obtained were disappointing. 

The informations from this study suggest that stress echocardiography 
is a versatile technique for non-invasive evaluation of coronary artery disease 
and myocardial ischaemia. It offers some clear advantages on myocardial 
scintigraphy, and therefore it should be preferred in most clinicaj conditions. 
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SAMENVATTING 

Tijdelijke wand beweging stoornissen van het hart zijn kenmerkend voor 
ischemie. Vooruitgang van de echografische techniek heeft de basis gelegd 
voor het opsporen van deze afwijkingen door middel van twee-dimensionale 
echocardiografie. 

Deze studie is gebaseerd op de resultaten van stress echocardiografie 
in verschillende klinische omstandigheden. Tevens worden de resultaten van 
stress echocardiografie vergeleken met hart scintygrafie, een meer gangbare 
nucleaire methode voor het opsporen van hart ischemie. De studie is 
onderverdeeld in vier hoofdstukken. Het eerste hoofdstuk is een. inleiding 
over stress echocardiografie, het tweede behandeld inspanning 
echocardiografie, het derde de resultaten verkregen met medicamenteuze 
geinduceerde stress en echografische beoordeling van het hart en het vierde 
hoofdstuk is een overzicht van de huidige stand van zaken van deze nieuwe 
techniek. 

Hoofdstuk 1 is een overzicht van de pathofysiologie van stress 
echocardiografie, met een omschrijving van de echografisc)l~ kenmerken van 
het ischemische hart. De verschillende methoden om stress te induceren die 
in het Thoraxcentrum van de Erasmus Universiteit gangbaar zijn, worden 
beschreven. De toepassing van het "digital" systeem voor het verkrijgen van 
afbeeldingen word! toegelicht. Ten slotte zullen de verschillen tussen stress 
echocardiografie en hart perfussie scintygrafie worden besproken met hun 
praktische toepassing. 

Het toepassen van inspanning echocardiografie in de klinische praktijk 
en de vergelijking met hart scintygrafie wordt besproken in hoofdstuk 2. 
Inspanning echocardiografie is een goed uitvoerbare niet invasieve techniek 
om hart ischemie te detecteren, vergelijkbaar met hart scintygrafie. Perfussie 
scintygrafie van het hart toont vaker tijdelijke defecten aan als uiting van 
ischemie in het inferior en posterior-lateraal gedeelte van het hart, of in 
gebieden met een oud hart infarct. 

In een groep van 75 patienten met een normaal ECG in rust 
(hoofdstuk 3) de sensitiviteit en specificiteit van inspanning echocardiografie 
voor de diagnose van coronair lijden was 71% en 96%, gelijkwaardig aan 
hart scintygrafie. Ten einde hier in duidelijkheid te brengen, werden beide 
onderzoek mogelijkheden toegepast bij patienten met een geisoleerde een taks 
vaatlijden met een stenose van wisselend kaliber, vast gesteld door de caliper 
(hoosdstuk 4 en 5). Een vertraging van de echo grafische opname na 
inspanning verminderd de diagnostische waarde van dit onderzoek. Spect 
detecteerde meer patienten met hart ischemie, met name wanneer er een 
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matig ernstige stenose aanwezig was. 
Als gevolg van deze vee! belovende resultaten, werd inspanning 

echocardiografie toegepast bij patienten waar voor een PTCA procedure was 
afgesproken. De resultaten van deze studie worden gepresenteerd in 
hoofdstuk 6, en bevestigen dat inspanning echocardiografie gunstig afsteekt 
met SPECT, en is voor al geschikt voor het evalueren van het functionele 
resultaat van een PTCA procedure. 

Ten slotte wordt een algemeen overzicht gegeven over de vergelijking 
tussen echocardiografie en SPECT in hoofdstuk 7. 

De waarde van dobutamine stress echocardiografie in de dagelijkse 
praktijk wordt beschreven in hoofdstuk 8. De test is goed uitvoerbaar en 
veilig, met een sensitiviteit en specificiteit voor coronair lijden van 54% en 
respectievelijk 80% . De niet optimale sensitivitiet waarde kan verschillende 
redenen hebben, waarbij de voornaamste het gebruik van betablocker 
medicatie is als anti-angineuze medicatie die echter ook een antagonist van 
dobutamine is. In vergelijking met inspanning echocardiografie lijkt 
dobutamine stress echocardiografie een beter diagnostische waarde te hebben 
voor coronair lijden, vooral in patienten met een taks coronair lijden. 

Een vergelijking tussen deze twee medicijnen in dezelfde patienten 
wordt gepresenteerd in hoofdstuk 9. Hoewel deze medicijnen een verschillend 
werking mechanisme hebben, vertonen dobutamine en dipyridamole stress 
echocardiografie een zelfde diagnostische waarde en bijwerkingen. 

De resultaten van gecombineerde echocardiografie/SPECT 
onderzoeken in 105 patienten onder dobutamine stress worden beschreven in 
hoofdstuck 10. Er is een goede overeenkomst tussen be ide techieken, zowel 
voor de diagnose van hart ischemie als voor regionale afwijkingen. De 
overeenkomst was beter in patienten die een hart infarct hadden door 
gemaakt. 

De waarde van dipyridamole stress echocardiografie voor risico 
stratificatie na een hart infarct wordt beschreven in hoofdstuk 11. In deze 
patienten groep komen tijdelijke perfussie stoornissen vaker voor dan 
tijdelijke wand beweging stoornissen, mogelijk veroorzaakt door redistributie 
van bloed dan werkelijke ischemie. De prognostische waarde van deze 
bevindingen wordt tevens vermeldt. De informatie van deze studie suggereert 
dat stress echocardiografie een vee! belovende niet invasieve techniek is voor 
de evaluatie van coronair lijden en myocard ischemie. Het heeft duidelijke 
voordelen op myocard scintygrafie en zou derhalve de voorkeur moeten 
hebben in de meeste omstandigheden. 
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